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SIMILARITY GROUPING AND PERIPHERAL 
DISCRIMINABILITY UNDER UNCERTAINTY 


Jacob Beck 
University of Oregon 


The effectiveness of rotated figures in producing similarity grouping corre- 
sponded to their peripheral discriminability under uncertainty in a ttemed 
visual feld—but not to their discriminability in an empty visual field. The re- 
sults support the hypothesis that similarity grouping is a segregative 

based on the response of the visual system to stimulus differences before 
tention narrows or focuses. 


Beck (1966a, 1966b, 1967) has shown that differences in the slopes of 
the component lines of figures are a major variable in si ty grouping. 
Changes in the orientation or shape of some of in a field, 
changes that altered the slopes of their component from vertical (90 
deg) and horizontal (0 deg) to 45 and 135 deg, facilitated segregating the 
field into distinct perceptual groups more readily than changes in the 
orientation or shape of these figures that left the slopes of their compo- 
nent lines vertical and horizontal. — 

The arrangement or configuration of the component lines of figures 
may also affect similarity grouping. Disparate L figures in a pattern of 
upright Ts grouped better than other figures with vertical and horizontal 
lines, such as a T on a side or inverted, or a + (Beck, 1967). Similarly, 
not all figures in which the slopes of their component lines were altered 
to 45 and 135 deg grouped equally well. Disparate X figures in a pattern. 
of upright Ts did not group nearly as well as did disparate Ts tilted 45 
. deg, even though the slopes of the component lines of these two disparate 

- figures were the same (Beck, 1966a; 1967). 

In an attempt to characterize the processes underlying visual orga- 
nization, Beck (1967) proposed that it is the figural properties selectively 
responded to before focal attention that produce strong grouping. The 
term ‘focal attention’ is vague and has been applied to a number of dif- 
ferent processes that are often not distinguished; here, however, it refers 
to the degree or concentration of attention. Operationally, the hypothesis 
is that the figural properties producing similarity grouping correspond 
tothose that are readily discriminated when figures are presented periph- 


H 


a 


erally in a patterned visual field in which an individual does not know 
where to direct his attention—correspond, that is, to the properties that 
produce peripheral discriminability under uncertainty. The experiments 
to be reported test that hypothesis. 
Two studies were undertaken. Study I presents the results of three ex- 
ents assessing the degree of grouping produced by six different 
pairs of figures. Study II reports the results of experiments on the periph- 
eral discriminability of the same figures in a patterned visual field and in 
an empty visual field. Because of the presence of other figures in a pat- 
temed visual field, the brightness difference between figure and back- 
ground cannot direct a subject's attention to the figure to be discrimi- 
nated—the uncertainty situation. Conversely, in an otherwise empty 
“visual field, the brightness difference between a figure and its back- 
ground can direct a subject where to attend, and discriminability thus 
Mu M function also of the processes of analysis operating when at- 
tention is focused. According to the hypothesis proposed, the effective- 
ness of figural properties in producing similarity grouping in Study I 
should correspond to their discriminability in the patterned visual field, 
but not the s d m field, of Study II. 


A STUDY I 


Three experiments assessed grouping. In Experiment I the time taken 
to count disparate U and V figures embedded in larger matrices was used 
as an indirect index of perceptual grouping. The rationale for this measure 
was that grouping makes the disparate figures stand out and should de- 
crease the time required to count them. In Experiments II and III the 
grouping of these same figures was assessed directly by means of rat- 
ings. Eighteen subjects served in Experiments I and II, and 15 served 
in Experiment III, different subjects in each experiment. They were all 
paid volunteers and were naive as to the purpose of the experiments. 


Method 


— Experiment I—The stimuli consisted of 2%4-by-3-in. displays of background 
and disparate figures. Six combinations of background and disparate figures 
were used (Figure 1). The rotations from background to disparate figures were 
45 deg counterclockwise (‘tilted’) for display A, 90 deg counterclockwise 
(‘sideways’) for display B, 180 deg (‘inverted’) for display C, 45 deg clock: 
wise (‘tilted, again) for display D, 90 deg counterclockwise (‘sideways, again) 
for display E, and 180 deg (‘inverted,’ again) for display F. The background 
and disparate figures in displays A and D differ both in the slopes of their com- 
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Fig. 1. Sample displays used in Experiments I and II and III 
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ponent lines and in their orientations, and those in displays B and E and C and 
F have the same slopes of their component lines but differ in their orientations. 
Note, however, that inverting the disparate figures leaves them symmetric 
about the vertical median in displays C and F, whereas turnin; them ona side 
cow their axes of symmetry from a vertical to a horizontal median in dis- 
plays B and E. 

Each of the six combinations of figures was drawn in india ink in six differ- 
ent matrix arrangements. In each matrix there were 56 figures arranged in 
seven columns and eight rows. The figures were drawn misaligned wit each 
other in order to avoid introducing colinear lines. The disparate figures were 
placed randomly throughout the matrix; there were never more than three in 
one row or four in one column. Two matrices consisted of 42 background fig- 
ures and 14 disparate figures, two of 41 background and 13 disparate figures, 
and two of 40 background and 16 disparate [anu The two lines composing 
each figure were %6 in. long and were always at right angles to each other. 
The lines of the figures were always either vertical and horizontal or tilted at 
45 and 135 deg. i 

The six core" of background and disparate figures drawn in the six 
matrix arrangements made a total of 36 stimulus displays. These were photo- 
graphed and printed on high-contrast paper. The prints were centered and 
mounted on individual pieces of white cardboard. The 36 displays were then 
arranged in blocks of six; each combination of background and disparate fig- 
ure and each matrix arrangement appeared once in each block. The displays 
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in each block were randomly ordered and the displays numbered consecutively 
from 1 to 36. The six blocks were rotated so that the stimuli were presented 
to the first subject in the order 1-36, to the second subject in the order 7-6, 
and so on. 

The 36 stimulus displays were presented by means of a two-field Gerbrands 
tachistoscope. The bens. — was aer X and the mean luminances of 
the white backgrounds in the exposure the preexposure fields were ap- 
proximately 35 RL. Each subject was shown examples of the six types of dis- 
plays. He was told (a) that d ng the switch in front of him would make 
visible a stimulus display, (b) that he was to count the disparate figures as 
quickly as possible but that it was also to bé accurate, (c) that he 
was to immediately release the switch when he finished counting, because 
this stopped a cl and (d) that if he counted incorrectly he i be pre- 


play by illuminating the exposure field of the t . When he finished 
count released the switch, the clock counter , and the stimulus 
was by reillumination of the field. The subject then re- 
ported the figures he had counted. If he was correct, the 
experi ecorded the time taken to count the ate figures (in hun- 
dredths of a second) If incorrect, the subject was told that he had not counted 


us was presented again at a later point in the series. 
ith the experimental task, each subject received 

tice displays not used in the experiment. 
six combinations of background and disparate 
figures were scaled for ing. A Gerbrands tachistoscope was or used 


to present the stimulus lays. ur of the 36 displays used in Ex- 

t I were ted in a random , four of each of the six types of 
splays. The order was coi that no more than two displays 
wi 


same combination of background and disparate figures appeared in 
a block of eight trials. The éiposicé Gestion Tm HUE ecbject was asked 
to scale how well the disparate figures stood out immediately, as a whole, 
without his having to search the display for them. He was instructed to indi- 
cate the degree to which the background and disparate figures were seen as 
separate groups on a seven-point rating scale, where 0 indicated that the dis- 
te figures did not stand out clearly from the background figures (that the 
ackground and disparate figures seemed to compose one pattern) and 6 in- 
dicated that the disparate and background figures were clearly seen as two 
distinct groupe, Care was taken to ensure that each subject understood what 
was to be judged. He was given examples of displays that grouped well and 
weakly on the basis of differences of length of lines. In order to familiarize him 
with the stimuli to be scaled, the entire set of stimuli was shown before the 
experiment began. 
—Experiment III—Four of the matrices prepared for Experiment I were 
mounted in a square ie jio on Wills cardboard. The combinations of 
background and disparate figures were those of displays A, B, C, and E (see 
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1). The four matrices in a square arrangement were phot and 
led on high-contrast paper in ten sizes. sizes of the individual dis- 
ranged from 34 by * in. to 2% by 3 in. in ten equal steps. The lengths 
eke two lines making up the figures in the displays in Mein. steps 
from *9&, in. to "4s in. A subject viewed the stimulus card at eye level at a 
distance of 65 in. He was instructed to rate, on a scale from 0 to 100, how well 
the disparate figures in each of the four displays on a stimulus card grouped 
and were seen as separate from the background fi . The instructions and 
les of grouping given were the same as in p asia II, except that 
the 0-to-100 scale was used. After each stimulus presentation, the 
turned around and inspected a lithograph print, during which time a new 
stimulus card was inserted in the stimulus holder. The ten stimulus cards con- 
taining the four combinations of background and disparate figures were pre- 
2e four times each for a total of 40 ERIEN Lo sequence of stimuli 
was randomized differently for each subject. To familiarize a subject with the” 
stimuli to be scaled, the entire set was shown before the experiment began. 


Results and discussion e 


Figure 2 summarizes the data obtained in Experiments I and II. The 
first figure in each pair of figures shown illustrates eed fig- 
ure, and the second the disparate figure. The number below each pair 
of figures in Experiment I is the mean time in si taken to count the 
disparate figures. The number below each pair of figures in Experiment 
II is the mean rating of the degree to which the background and dis- 
parate figures were perceived to group: The means shown were aver- 
aged over subjects and stimulus displays for each type of combination 
of background and disparate figures. The stimuli are arranged from the 
greatest to the least amount of grouping. 

In Experiment I grouping was assumed to be inversely related to the 
time taken to count the disparate figures. The correlation between those 
mean counting times in Experiment I and the mean ratings for grouping 
in Experiment II was in fact r = —.95. The relationship was remarkably 
stable over trial blocks. Although the counting times tended to decrease 
from the first trial block to the sixth, the correlations between mean 
counting times and mean ratings for grouping calculated for each of the 
six trial blocks ranged between r = —.94 andr = —.96. 

In order to compare the degree to which the different combinations of 
background and disparate figures produced grouping, a Tukey test of 
multiple comparisons was applied to the mean counting times and the 
mean ratings. Inspection of the mean counting times revealed that the 
sample means were approximately proportional to the standard devia- 
tions for the respective combinations of background and disparate fig- 
ures. The Tukey test was, therefore, applied to the logarithms of the 
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EXPERIMENT I 


Fig. 2. The mean time to count the disparate figures in Experiment I and the 
mean ratings of grouping in Experiment II; the first figure in each pair indi- 
cates the background figures in a display, the second one indicates the dis- 


parate figures 


counting times. The counting times and the mean ratings that 
were not significantly different from each other (p « .01) are under- 
scored by the same lines in Figure 2.' In both the counting and scaling 
experiments, the strongest grouping occurred with the tilted disparate 
figures in displays A and D, intermediate degrees of grouping with the 
sideways disparate figures in displays B and E, and the least amount of 
grouping with the inverted disparate figures in displays C and F. 

Thus, as in previous studies (Beck, 1966a, 1966b, 1967; Olson and 
Attneave, 1970), changes in orientation that altered the slopes of the 
component lines of the disparate figures gave the best grouping. On the 
other hand, the sideways disparate figures in displays B and E produced 
better grouping than the inverted disparate figures in displays C and 
F, though those sideways and inverted figures all had the same slopes 
of their component lines as the background figures. As will be indi- 
cated below, this too may be due to differences in the slope properties 
of the sideways figures, rather than to the difference in their axes © 
symmetry. 

The mean ratings of grouping as a function of figure size for the four 
combinations of background and disparate figures in Experiment II are 
shown in Figure 3. An analysis of variance revealed that the factors of 
figure size and figure combination were statistically significant [F(9, 196) 
= 52.42, p < .001; F(3, 42) = 17.03, p < .001], as was their interaction 
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[F(27, 378) = 6.61, p < .001]. The mean ratings obtained when the com- 
ponent lines of the figures were 1%, in. long are comparable to the re- 
sults obtained in Experiments I and II. The best grouping occurred with 
the tilted figures in display A, intermediate and approximately equal de- 
grees of grouping occurred with the sideways figures in displays B and 
E, and the least grouping occurred with the inverted figures in display 
C. Statistical tests of the differences between displays A and B [t(14) = 
3.10], A and E [t(14) = 6.22], B and C [t(14) = 3.81], and E and C 
[t(14) = 3.47] were significant (p < .01). 


OO 


MEAN GROUPING RATINGS 


3 4 5 6 7 8 9 OH 2 
LINE LENGTH IN SIXTY -FOURTHS OF AN INCH 


Fig, 3. The mean ratings of grouping as a function of figure size in Experi- 
ment III; the first figure in each pair of figures indicates the background fig- 
ures in a display, the second one shows the disparate figures 


Since grouping occurred weakly or not at all for all four displays when 
the lines composing the figures were less than %4 in. long, a significant 
interaction between figure size and figure combination is to be expected. 
Of particular interest, however, is the interaction between figure size 
and figure combination for displays A and B and for displays B and E. 
Inspection of Figure 3 indicates that for line lengths greater than %4 in., 
the tilted figures in display A tended to group better than the sideways 
figures in display B, while for line lengths less than 954 in., the sideways 
figures in display B grouped better. The sideways Vs in display B also 
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grouped markedly better than the sideways Us in display E for line 
lengths between 564 and 55, in. Analyses of variance revealed that the 
interaction of figure size and figure combination was statistically signifi- 
cant for displays A and B [F(9, 126) = 7.35, p < 001] and for displays 
B and E [F(9, 126) = 2.28, p < .025]. The results indicate that the rela- 
tive grouping of display B improved with smaller line lengths. 

Phenomenally, the salience of the overall orientations of the sideways 

V figures in display B appears to have been greater when line lengths 
were small than when large. The upright figures when small appeared to 
have an overall horizontal orientation, and the ones turned on a side, to 
have an overall vertical orientation. In contrast, the salience of the over- 
all orientations of the upright and sideways U figures in display E did 
not change with the length of the lines composing the figures. It is pos- 
sible that the increased salience of the overall orientations of the small 
disparate figures in display B was the result of this upright figure's hav- 
ing its greatest extent in the horizontal direction and this sideways fig- 
ure's ue. m greatest extent in the vertical direction. Olson and 
Attneave (1970) have pointed out that in terms of slope analyzers, an up- 
right V would most likely stimulate a horizontally oriented receptive 
field and on its side most likely stimulate a vertically oriented field. 
It is therefore possible that the sideways figures in display B grouped 
better than the inverted ones in display C because the background and 
disparate figures in display B differ in the slope analyzers they stimulate 
and not because of the difference in their axes of symmetry. 

Figural properties are closely 3 and rotating a figure will often 
simultaneously change a number of form variables. For example, rotat- 
ing an upright U 90 deg, so that it is on its side, changes both the orienta- ' 
tion of the figure and the number of horizontal and vertical lines. The 
better grouping of the sideways figures in display E in comparison with 
the inverted ones in display F may also be because the background and 
disparate figures in display E differ in the number of their vertical and 
horizontal lines rather than because of the difference in their axes of 
symmetry. Because of this close coupling of figural properties, similarity 
grouping, which appears to be due to relational form variables such as 
line arrangement or figural orientation, may actually be the result of 
differences in the slope and brightness properties of the figures. 


STUDY II 
, 
Study II was concerned with peripheral discriminability under uncer- 
tainty. The experiments to be reported were done with the U and vég i 
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ures used in Study I. A large number of other experiments, however, 
have been conducted on peripheral discriminability and their results 
will be introduced into the discussion where appropriate. 


Method 


—Experiments IV, V, VI, and VII— The patterned visual field consisted of 
four figures in the comers of an imaginary square. Each target consisted of 
either all upright figures or three upright figures and a disparate figure. The 

te figure was a rotation of the upright fi and could appear in any 
of the four corners; it could be rotated 45 deg clockwise to form a ‘tilted’ fig- 
ure, rotated 90 deg clockwise to form a 'sideways' figure, or rotated 180 deg 
to form an ‘inverted’ figure. The center-to-center distances along the sides 
the imaginary square were 3 in. in Experiments IV and VI, and 2 in. in 

ents V and VII. 
Wo sets of targets were prepared for each experiment. Each set 

of ten targets. One set had two targets in which allof the figures were 
four targets in which the disparate figure was an inverted one, and four 
in which the disparate figure was a tilted one; in the other set, a sideways fig- 
ure was substituted for the tilted one. The exact shapes of pue and 
disparate figures composing each of the eight sets are sl in the column 
heads of Figure 4. The order of presenting the two sets in an experiment was 
alternated from subject to subject. A 10-min interval separated the presenta- 
tions of the two sets of targets. 

The figures were drawn in india ink on heavy white paper. The lines com- 
posing each figure were %6 in. long and were always at right angles to each 
other. The targets were mounted on whil Frdboert and presented by means 
of a Gerbrands tachistoscope. The unds of the preexposure and ex- 
posure fields were white with average area of 3.5 ftL. A black dot 
placed in the center of the pree: e field served as a fixation point. A dot 
was also placed in the center of the square array on each target. Each target 
was carefully aligned so that when the target was flashed, the fixation poi: 

the preexposure field coincided exactly with the dot in the center of the 
square array of figures on the target. The distances between the center dot 
and the figures in the corners were 2.1 in. for the figures arranged in a 3-in. 
square (5 deg 7 min of arc) and 1.4 in. for the figures arranged in a 2-in. 
square (3 deg 26 min). 

Separate EM of 20 subjects served in each of the four experiments. The 
targets were flashed at 150 ol a sec. The subject first was shown exam) les of 
T bir in a set aad then asked to indicate whether a dished ge al a 
identical or, if it had a disparate figure, to identify the figure and its 
location (tilted, upper left’). He eid told dae disparate figure could aj 
in any of the four corners and that fixating the center dot would enable 
to perform optimally. 

Each set of ten targets was presented four times; each of the two 
of parate figures in a set, 16 times. The sequence of stimuli was random- 
ized differently for each subject with the constraint that all ten of the targets 
appear once in every block of ten trials. Practice trials with targets differing 
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from those used in his experiment were given to familiarize him with the 
task. He was not told either the number of times the different types of targets 
would be presented or the correctness of his responses. The experimenter gave 
a warning signal before eger ys target, The subjects were naive as to the 

of an iment, and all had normal vision or corrected-to-normal 


purposes 
vision with glasses. In exploratory experiments, people who wore contact 
lenses wens ound to perform poorly and were therefore not run. 


—Experiments VIII and IX—In an otherwise ny visual field, a single U 
figure aj on one corner of an Se ri in. square. The distances 
from the fixation point to the target were all 2.1 in. (5 deg 7 min of arc). Six- 
teen t were Los n tiq dm vpright Aguro, four 
had a 45 deg tih figure, four had a sideways figure, and had an in- 
verted fi Each figure was composed of lines %¢ in. long. The stimuli were 
ted in three sets. Each set consisted of four with a single upright 

re appearing once ín each of the four corners of the imaginary square, and 
four targets with a single tilted, sideways, or verted figure appearing 
once in each of the four comers. The tilted, sideways, and inverted figures 


were always presented in sets. The exact of the two figures 
making up each set are shown in the column heads in Figure 5. 1 
The su! X 


que ovs o E ht and, say, 
tilted) that wo be presented in that set. Each of the M. send was Bu 
sented twice in an experiment, There were 11 stimulus presentations in a 
block of tríals. Three of the eight stimuli in a set were randomly added to a 
block of trials but were not analyzed. Thus, each of the two types of figures 
in a set occurred in eight analyzed trials. The sets were nted in a dif- 
ferent irregular order to each subject. The general are and apparatus 
was the same as in the experiments in a patterned visual field. Each subject 
was again instructed to fixate a cent n point and told that this would 
enable him to perform optimally. To familiarize him with the task, the three 
sets of targets were presented in a practice session. 

The practice session was also used to determine an exposure duration that 
would give an approximate overall percentage correct. In Experiment VIII 
the exposure duration for each subject was chosen to give approximately 80% 
correct responses overall. In Experiment IX the exposure duration was chosen 
to give each subject approximately 6096 correct overall. Fifteen different 
subjects served in each experiment. They were naive as to the main purposes 
x the experiment. All had normal vision or corrected-to-normal vision wearing 
glasses. 


Results and discussion 


Figure 4 presents the mean number of errors the subjects made with 
the patterned visual field. An error was counted when a disparate figure 
was presented and not accurately reported. Inspection of the data re- 
vealed that whether a subject was presented first or second with a set 
of targets had no important effect on the pattern of errors made as a 
function of the rotation of the disparate figure, 
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Fig. 4. Mean errors on rotated disparate figures in a patterned visual field in 
Experiments IV, V, VI, and VII; the first figure in each pair of figures indicates 
the upright figure on a target, the second one indicates the disparate figure 


The results show that changes in figural orientation that altered the 
slopes of the figure’s component lines were more effective in directing the 
subject’s attention to a disparate figure than changes in orientation that 
left the slopes of the component lines of the figure vertical and hori- 
zontal. The results of two-tailed t tests are also shown in Figure 4. With 
a Bin. square significantly fewer errors were made when the disparate 
figure was tilted than when it was inverted. When the disparate figure 
was sideways, the subjects did not discriminate it significantly better 
than when it was inverted [¢(19) = 1.37, p > -1; #(19) = 1.70; p > .1]. 
With a 2-in. square both the tilted and sideways figures were discrimi- 
nated significantly better than the inverted figure. 

Statistical tests also showed that a tilted U was discriminated signifi- 
cantly better than a sideways one both in a 3-in. square [#(19) = 4.56, 
P < .001] and in a 2-in. square [t(19) = 2.75, p < .025]. A tilted V was 
discriminated significantly better than a sideways one only in a 3-in. 
Square [t(19) = 3.38, p < .005]. In general, then, the results indicate 
that the peripheral discriminability under uncertainty of these two basic 
figure shapes rotated in a patterned visual field did indeed correspond to 
their effectiveness in producing similarity grouping. 

Figure 5 presents the mean number of errors made when single fig- 
ures Were presented in an empty visual field. The overall percentage 
correct was 78% in Experiment VIII and 55% in Experiment IX. In 
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Fig. 5. Mean errors on upright and rotated disparate figures in an empty field 
in Experiments VIII and IX 


both Experiments VIII and IX, the mean numbers of errors for a tilted 
and a sideways figure were similar to each other and the same as for an 
inverted figure. Figure 5 shows also that the mean number of errors for 
an upright figure was about the same when it was presented in a set with 
a tilted figure as with an inverted one. Thus, when a brightness difference 
between a figure and a background directed a subject where to attend, 
the relative discriminability of a rotated figure, as hypothesized, did not 
correspond to its effectiveness in producing similarity grouping. The 
features distinguishing a tilted, sideways, or inverted U from an 
upright one were equally discriminable when attention was directed 
to them. 

Peripheral discriminability under uncertainty in a patterned visual 
field—but not in an empty visual field—has also been found to corre- 
spond to the grouping of other disparate figures. In a supplemental ex- 
periment similar in procedure to Experiments IV-VII, subjects discrimi- 
nated between targets in which the four T figures in the corners of an 
imaginary 3-in. square were the same, and targets in which three of the 
figures were the same (a T) and the fourth (a X or a tilted T) was differ- 
ent. The mean number of errors for X was 6.20 and for tilted T 4.13 
[#(14) = 2.54, p < .025]. When the subjects then discriminated the same 
three figures presented singly in an empty visual field, a procedure like 
that of Experiments VIII and IX, the mean number of errors in dis- 
criminating between a X and an upright T was 3.00 and between a tilted 
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and an upright T 2.87 [t(14) = .98, p > .2]. These findings are also con- 
sistent with the carlier finding that Xs group less readily in a pattern of 
upright Ts than do tilted Ts (Beck, 1966a; 1967). 

Needless to say, not all figures are equally discriminable when pre- 
sented singly in an empty visual field. For example, the discrimination 
of a sideways from an upright T was found to be more difficult than the 
discrimination of either a X or a tilted T from an upright T. The mean 
number of errors for a sideways T was 5.60 and differed significantly 
from the mean number of errors for a X [t(14) = 5.65, p < .001] and 
from the mean number of errors for a tilted T [t(14) = 6.07, p < .001]. 
The distinguishing features between a sideways and an upright T are 
apparently such that even when attention is drawn to the figures, it is 
difficult to discriminate between the two when the figures are flashed 
briefly outside the fovea. P 

Finally, Eichelman, using somewhat different procedures ( 1970), also 
found that in an empty visual field there were no significant differences 
in the discriminability of a tilted T, a X, or a L from an upright T. But 
adding upright Ts to the background changed the relative discrimi- 
nability of these figures, a tilted T becoming more discriminable than 
either a X or a. L. Eichelman (1970) also found that when a subject is 
instructed where to attend in a patterned visual field, the discrimi- 
nability of a tilted T, a X, and a L were not differentially affected by the 
introduction of background figures. 


GENERAL DISCUSSION 


Figural properties 


The results of the present experiments are consistent with the working 
hypothesis that the effectiveness of figural properties (stimulus variables) 
in producing similarity grouping corresponds to their effectiveness in 
directing an individual's attention to a peripheral stimulus when he does 
not know its location. Differences in brightness, movement, color, and 
the slope of lines are effective in directing an individual's fixations as he 
searches for a stimulus in a visual field (Hochberg, 1965; Williams, 1967). 
These variables are also those that are most effective in producing simi- 
larity grouping. 

y The more general hypothesis the studies appear to support is that 
similarity grouping is fundamentally an acuity task involving the simul- 
taneous discrimination of stimulus differences prior to a narrowing Or 
focusing of attention, According to this theory, similarity grouping is not 
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the result of a general process of information processing (such as the use 
of redundancy) to economically encode a visual pattern. Rather, it de- 
pends on specific stimulus properties picked up prior to focal attention. 
For example, differences in direction give strong grouping only when 
associated with strong preattentively discriminable stimulus differences 
such as the slopes of lines. A pattern of tilted ellipses in a pattern of 
upright ellipses gives good grouping (display G in Figure 6) because 
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Fig. 6. Displays showing the effect of direction of figures (displays G and H) 
and of extraneous stimuli (displays I and J) on grouping 


direction of the figures is indicated by differences in the slopes of the 
lines of the ellipses. But grouping is weak when figural direction is indi- 
cated by a relational property such as the maximum dimension of a 
figure defined by the end points of the figure. A pattern of vertical and 
diagonal figures eight, each made up of two equal circles, produces only 
weak grouping (display H in Figure 6) because the direction of the fig- 
ures is indicated only by changes in the direction of the maximum dimen- 
sion of these figures from vertical to 45 deg, while the slopes of the 
component lines of the upright and diagonal figures eight remain the 
same. 
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Why should the guidance of fixations, peripheral discriminability 
under uncertainty, and grouping be a function of the same variables? 
Neisser (1967) has suggested two stages of perceiving: a preattentive 
parallel stage, which responds selectively to stimulus variables to which 
the visual system is highly sensitive; and a focal attentive process, which 
produces a complete identification of a stimulus based on both a more 
detailed analysis and stored information. It is possible that grouping 
is an operation involved in preattentive processing and occurs most 
strongly for those stimulus variables that guide fixation and to which the 
preattentive process is sensitive. One should be cautious, however, in 
assuming a special internal mechanism. 

Another possibility is that grouping and peripheral discriminability 
are a function of those figural properties that are discriminable when 
attention is not concentrated but distributed over a larger spatial area. 
One meaning of focal attention is that attention is concentrated or in- 
tense in a small spatial area. According to such a definition, prefocal at- 
tention refers to attention distributed over a large area of the visual field. 
When attention is thus distributed over a large area, the visual system 
is more sensitive to simple variables like brightness, color, and line slope 
than to relational properties. 

It is interesting that these simple stimulus variables not only give 
strong similarity grouping but also underlie the primary segregation of 

~a visual field into regions of uniform visual texture. Visual texture is a 
function of variables that in some sense may be described as variables of 
brightness and slant, such as mean brightness and the homogeneity and 
regularity of brightness contrasts (Julesz, 1962). Grouping may in fact 
thus be described as based on the stimulus variables that give rise to 
differences of texture. Both grouping and the discrimination of visual 
texture appear to be based on those stimulus properties that are highly 
discriminable when attention is not focused but distributed over a larger 
area, 

Wertheimer (1923) proposed that similarity grouping is an associative 
process based upon stimulus similarities. Similarity grouping, however, 
may also be described as a segregative process based upon stimulus dif- 
ferences. The question of whether grouping involves an underlying asso- 
ciative process that functionally interrelates like elements cannot be an- 
swered unequivocally. The experiments reported, however, support the 
view that similarity grouping is based on the response of the visual sys- 
tem to stimulus differences, It may be that similarity grouping is based 
on the simultaneous pickup of stimulus differences in local spatial re- 
gions. Thus, local differences between disparate and background figures 
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would suffice to produce grouping even though the disparate figures in 
one part of a pattern differed from those in another part of the pattern.” 
The overall grouping of disparate figures in a pattern would be a func- 
tion of the grouping in local regions throughout the pattern. 


Other factors 


The working hypothesis was that similarity grouping is based on the 
discriminability of stimulus differences when attention is distributed 
over a patterned visual field. The evidence was that simple figural prop- 
erties such as differences in line slope are more readily discriminated 
than relational differences such as the arrangement of lines. It is useful 
to briefly indicate some further factors that jointly affect similarity 
grouping and the pickup of stimulus differences in a patterned field. 

The first of these is peripheral acuity, an important factor determining 
the stimulus differences picked up when attention is distributed over a 
larger area. Figures in the periphery are blurred because the eye in the 
periphery tends to become either myopic or hyperopic (Ferre, Rand, and 
Hardy, 1931). It is possible that the poor grouping of the disparate X fig- 
ures in a pattern of upright Ts previously reported by Beck (1966a; 1967) 
occurs because the arrangement of the lines causes those disparate fig- 
ures to readily lose discriminability with blur. This possibility is sup- 
ported by the finding that when the Xs were larger, they grouped as 
well as the tilted Ts. 3 

The procedure of Experiment II with minor modifications was used 
to assess the grouping of tilted Ts, sideways Ts, upright Xs, and Ls, all on 
backgrounds of upright Ts. Two separate groups of 18 subjects each in- 
dicated the degree to which the background and disparate figures were 
seen as separate groups on a scale from 0 to 100. The lengths of the two 
lines making up the figures in the displays were 34, in. for one group 
of subjects, and !4, in. for the second group. When the lengths of the 
lines composing the figures were 3⁄6 in., the mean ratings of grouping 
for the tilted T and the X were the same, 70 and 69 respectively. When 
the lengths of the lines composing the figures were 14 g in., the mean rat- 
ing of grouping of the tilted T was 53 and of the X 37, a significant dif- 
ference by a Tukey test (p < .01). The relative mean ratings of group- 
ing for the sideways T and the L did not change with the length of the 
lines composing the figures. 

The second factor is that when an individual is instructed to attend to 
a display, his sensitivity to the stimulus differences can be reduced by 
the presence of extraneous stimuli (Mackworth, 1965; Leibowitz and 
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Appelle, 1969). The procedure of Experiment I was used to assess the 
grouping of displays in which the background figures varied. In Figure 
6, displays I and J show two of the combinations of disparate and back- 
ground figures used. In both displays, the disparate figures are tilted Ts, 
but the background in display J is considerably more complicated (three 
figures instead of one as in display I). The mean time for counting the 
disparate figures averaged over 19 subjects for display I was 10.28 sec; 
for display J it was 14.22 sec (Tukey test, p < .01). In general, the re- 
sults indicate that introducing variability into the background figures 
reduced the grouping of the disparate figures. Similarity grouping, like 
peripheral discriminability, is thus interfered with by extraneous dif- 
ference signals. 

A third factor has to do with horizontality and verticality. Olson and 
Attneave (1970) have reported that a pattern made up of vertical and 
horizontal lines gives better grouping than a pattern made up of 45- and 
135-deg lines, even though the difference between the slopes of the lines 
is 90 deg in both instances. Their interpretation was that grouping oc- 
curs among descriptors based on the relationships of a stimulus pattern 
to a Cartesian reference system. An interpretation consistent with the 
suggestion that grouping is primarily an acuity function is that a vertical- 
horizontal frame of reference facilitates the discrimination of lines that 
coincide with the reference system. The procedure of Experiment VIII 
was used to assess peripheral discriminability in a patterned. field. 
Each target consisted of either all the same lines in the corners of an 
imaginary square or three lines the same and one line rotated 90 deg. 
When subjects had to discriminate a horizontal line in a 3-in. square of 
vertical lines, the mean number of errors was 4.47; when they had to dis- 
criminate a 135-deg line in a 3-in. square of 45-deg lines, the mean 
number of errors was 8 [t(14) = 5.59, p < .001]. This suggests that the 
superiority of vertical and horizontal lines in producing similarity group- 
ing and for peripheral discriminability under uncertainty has its origin in 
a process whereby lines that coincide with the vertical-horizontal frame 
of reference are more readily discriminated when attention is relaxed 
and not focused than lines that do not so coincide. 


Notes 


This research was supported by National Science Foundation Grant GRE: 
A preliminary report of this research was read at the meetings of the Psycho- 
nomic Society, Saint Louis, Missouri, November, 1969. Revision received for 
publication March 22, 1971. 
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1. A Tukey test applied to the untransformed data gave very similar re- 
sults. The only difference was that the displays with inverted disparate figures 
(displays C and F) now differed significantly. 

2. A further experiment suggests that the relevant variable is the differ- 
ence in the number of vertical and horizontal lines. The rocedure of Experi- 
ment I was used to assess the grouping of these four voir upright and 
tilted U, upright and sideways U, upright and sideways H, and upright and 
inverted U. A Tukey test (p < .01) applied to the data showed that the first 
of these displays grouped best. The second- and third-listed displays grouped 
next in amount, and equally; and the last-named display grouped least. Note 
that the background and disparate figures in this third display have the same 
axes of symmetry and differ only in the number of their horizontal and vertical 
lines. 

3. The following sape illustrates the point. A E is embedded in a 
background of short vertical lines; its own vertical bar is made up of hori- 
zontal red lines, its me bar of horizontal black lines, its middle bar of hori- 
zontal black lines, and its bottom bar of vertical red lines. An associative 
theory of perceptual grouping would predict that similar figures would be 
grouped together. For instance, the red horizontal lines of the vertical bar 
might be expected to Pop with the red vertical lines of the bottom bar to 
form a L, or the black horizontal lines of the top and middle bar might be ' 
expected to group with the horizontal lines of the vertical bar to form à 
F. However, an associative theory would not predict that black horizontal 
lines, red horizontal lines, and red vertical lines would be grouped to form a 
E. All three types of e o from their immediate background, which is 
made up of black vertical , and a difference theory would predict that 
they should group to form a E. Informal observations indicate that individ- 
uals do see a E rather than a F or a L. The author is indebted to Professor Fred 
Attneave for this example. 


References 


Beck, J. 1966a. Slant and shape variables in perceptu: uping. Science 

aieea 540. ii gebe! grouping 

Beck, J. 1966b. Effect of orientation and of shape similarity on perceptual 
grouping. Perception and Psychophysics 1:300-302. 

Beck, J. 1967. Perceptual grouping produced by line figures. Perception and 
Psychophysics 2:491—495. 

Eichelman, W. H. 1970. Changes in the relative discriminability of slant and 
configuration differences. Unpublished doctoral dissertation, University 
of Oregon. 

Ferre, C. E., Rand, G., and Hardy, C. 1931. Refraction of the peripheral vis- 
ual field. Archives of Ophthalmology 5:717-731. 

Hochberg, J. 1965. Toward a general theory of graphic communication: I. 
The component perceptuomotor skills at different literacy levels. Project 
Literacy Reports (Cornell University) 5:34—47. 

Julesz, B. 1962. Visual pattern discrimination. IRE Transactions of the Profes- » 
sional Group on Information Theory 2:84-92. 

Leibowitz, H. W., and Appelle, S. 1969. The effect of a central task on lumi- | 


SIMILARITY GROUPING 19 


nance thresholds for peripherally presented stimuli. Human Factors 11: 
387-392. 

Mackworth, N. H. 1965. Visual noise causes tunnel vision. Psychonomic Sci- 
ence 3:67-68. 

Neisser, U. 1967. Cognitive psychology. New York: Appleton-Century-Crofts, 

Olson, R. K., and Attneave, F. 1970. What variables produce similarity group- 
ing? American Journal of Psychology 83:1-21. 

Wertheimer, M. 1923. Untersuchungen zur Lehre von der Gestalt, II. Pscholo- 
gische Forschung 4:301—350. 

Williams, L. G. 1967. The effect of target specification on objects fixated dur- 
ing visual search. In Attention and Performance, ed. A. F. Sanders, pp. 
355-360. Amsterdam: North Holland. 


20 BOOKS RECEIVED 


continued from page 155 

Atkinson, Richard C., introd. Contemporary Psychology: Readings from “Sci- 
entific American." San Francisco: W. H. Freeman, 1971. Pp. viii, 484 
$12.00; paperback, $5.95. 

Balakian, Anna. Andre Breton, Magus of Surrealism. New York: Oxford Uni- 
versity Press, 1971. Pp. xii, 289. $10.00, 

Ban, Thomas A., and Lehmann, Heinz E. Experimental Approaches to Psy- 
chiatric Diagnosis: Psychometric Conditioning and Psychopharmacolog- 
ical Studies. Springfield, Ill.: Charles C Thomas, 1971. Pp. ix, 119. 
$10.75. 

Bardwick, Judith M. The Psychology of Women: A Study of Bio-Cultural 
Conflicts. New York: Harper & Row, 1971. Pp. vii, 242. $7.95; paper- 
back, $3.95. 

Bell, James Edward. A Guide to Library Research in Psychology. Dubuque, 
iowa: Wm. C. Brown, 1971. Pp. xii, 211. Paperback, $2.95. 

Blodgett, Harriet E. Mentally Retarded Children: What Parents and Others 
es - Minneapolis: University of Minnesota Press, 1971. Pp. 

beth. Family and Social Network. 2d ed. New York: Barnes & 

1, Pp. xxx, 363. $10.50. 

Bourne, Ly! r.; Ekstrand, Bruce R.; and Dominowski, Roger L. The Psy- 
e Bor nking. Englewood Cliffs, N.J.: Prentice-Hall, 1971. Pp. xi, 


Browning, Robert M, and Stover, Donald O. Behavior Modification in Child 
Treatment. Chica; a 1971. Pp. vii, 422. $11.95. 

Brush, Robert F., ed. Conditioning and Learning. New York: Aca- 
demic Press, 1971. Pp. xii, 626. $25. 


. ing: 
Sage Foundation, 1971. Pp. xiv, 418. $12.50. 
Christman, R. J. Sensory Experience. Scranton: Intext Educational Publish- 
ers, 1971. Pp. vii, 408. 
Clark, David H. Administrative Therapy: The Role of the Doctor in the 


Thet A Community, New York: Barnes & Noble, 1971. Pp. xi, 160. 
Cleugh, M. F. Discipline and Morale in School and College: A Study of 

Group Feeling. New York: Barnes & Noble, 1971. Pp. ix, 173. $5.50. 
Colman, Arthur D, The Planned Environment in Psychiatric Treatment: A 


Manual for Ward Design. Springfield, Ill.: Charles C Thomas, 1971. Pp. 
xvii, 147. $9.00. 


Coombs, Robert H., and Vincent, Clark E., eds. Psychological Aspects of 


Medical Training. Springfield, Ill.: Charles C Thomas, 1971. Pp. xvii, 
566. $26.00. 


Corcoran, D. W. J. Pattern Recognition. Baltimore: Penguin Books, 1971. Pp. 
223. Paperback, $2.45. 


Cottle, Thomas J. Time's Children: Impressions of Youth. Boston: Little. 
Brown and Co., 1971. Pp. xxviii, 354. Paperback, $3.95. 
continued on page 56 


— 


RETENTION OF SENTENCES, ANOMALOUS 
SEQUENCES, AND RANDOM SEQUENCES 


William Epstein 
University of Wisconsin 


Pairs of two-digit stimuli and three-word responses (sentences, S; anomalous, 
A, or random, R, sequences) were learned to a criterion of % correct; reten- 
tion was tested immediately, 5 and 24 hours and 1 week later. The lists were 
acquired at different rates (S > A > R) and several measures of retention 

similar differences, but there was no evidence of differential for- 


getting of the three types of material. 


There is ample evidence that linguistic features influence acquisition 
and immediate memory (Johnson, 1968a; Kintsch, 1970, ch. 8). The 
present experiment was designed to provide data on the influence of 
linguistic variables on long-term retention. For this purpose, we com- 
pared the retention of short sentences, anomalous sequences, and ran- 

Sequences at various intervals up to one week. The experimental 
data are relevant to a variety of considerations, which will be explored 
in the concluding discussion. 


METHOD 


—Materials— The learning materials are reproduced in Table 1. There were 
lists of eight pairs. In each list the stimuli consisted of the same eight 
two-digit numbers. The responses were three-word sets (triads) adapted from 
Marks and Miller (1964) and Epstein (1969). In list S the triads were sen- 
. In list A, the triads were anomalous sets—syntactically acceptable but 
semantically anomalous. In list R the triads were random sets. The same 24 
Were used in each of the three lists, with the one exception that “smell” 
“ring” in list A. 


—Subjects—The subjects were 108 students from an introductory psychol- 


gy course. They were assigned to the 12 experimental conditions in nine 
randomized blocks of 12 subjects each. "n 


‘ure—The experiment was a 4 x 3 factorial design: four retention in- 

tervals (0, 5, and 24 hr, and 1 wk) and three types of material (S, A, R). The 
ure during learning was identical for all 12 conditions. The list was 

ted in a memory drum at a 4-sec rate, with 8 sec between trials. Learn- 
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Table 1. Learning materials 
List responses 
List 
stimuli Sentences (S) Anomalous (A) Random (R) 
33  momingstarstwinkle moming boys bark morning sing dogs 
45 wild horses gallop wild chairs smell wild hurt trees 
16 furry dogs bark furry bells hurt boys twinkle furry 
75 grateful boys sing grateful stars bend pues grateful ring 
69 tall trees bend tall papers twinkle orses tall bark 
98 church bells ring church trees gallop church tear chairs 
20 ink papers tear ink horses sing bend bells pink 
13 E chairs hurt ard dogs tear stars hard gallop — 4 i 


ing was by the method of paced anticipation. The list was presented to each 
subject in four different orders, and learning continued to the criterion of six 
out of eight correct responses. The subjects were told that for a response to be 
counted as a correct anticipation, the three words in the triad had to be given 
in correct order. 

Immediately after the criterial trial, a recall test was administered to sub- 
jects in the three groups assigned to retention interval 0. The stimuli were 
presented in the mei drum at a 4-sec rate and the subjects provided the 
responses, The subjects in the other nine groups left the laboratory after list 
learning, and they returned either 5 hours, 24 hours, or 1 week later, at which 
time the recall test was administered. In subsequent references, designation of 
these conditions are abbreviated as in the examples S-0, S-24, A-5, R-wk. 

Another feature of the procedure is worth noting. When the subjects vol- 
unteered for participation, they were informed that the experiment was de- 
signed to determine the correlation between performances on a verbal-learning 
task and a visual-discrimination task. An experimental arrangement for se- > 
curing brightness discriminations was present in the laboratory room. The sub- 
jects in the 5-hour, 24-hour, and 1-week conditions were told that the visual- 
discrimination test would be administered at the second appointment. The 
retention test was not mentioned. However, at the time of the retention test, 
instructions were administered to reestablish the task set and to motivate the 
subjects to recall as many responses as possible. 


RESULTS 
Acquisition 


Table 2 presents the mean number of trials required to attain the cri- 
terion of six correct responses. Examination of Table 2 shows that there 
were no differences among the four sets of groups assigned to the four — 
retention intervals. However, as expected, there were differences among 
the three lists. List S was acquired most rapidly, list R least rapidly, and 
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list A was intermediate. The inversion of the acquisition rates for condi- 
tions A-5 and R-5 was due to two highly atypical slow learners in condi- 
tion A-5. An analysis of variance of the trials-to-criterion data yielded 
only a significant main effect for lists [F(2, 96) — 29.77, p « .001]. The 
main effect of retention interval (F « 1) and the interaction effect (F — 
1.49) did not approach significance. 

Three additional measures of acquisition were computed. First, the 
mean number of triads correctly anticipated on the criterial trial ranged 
from 6.11 to 6.78. For the three groups assigned to the immediate reten- 
tion test, the means were 6.78 (SD — .90), 6.11 (SD — .33) and 6.11 (SD — 
33) for conditions S-0, A-0, and R-0 respectively. Second, the mean num- 
ber of triads correct, disregarding order of output within the triad, on 
the criterial trial ranged from 6.33 to 6.78. For the three groups as- 
signed to the immediate retention test, the means were 6.78 (SD = 90), 
6.11 (SD = .33) and 6.44 (SD = .73) for conditions S-0, A-0, and R-0 re- 
spectively. Third, the mean number of words correctly anticipated on 
the criterial trial ranged from 19.33 to 20.78, For the three groups as- 
signed to the immediate retention test, the means were 20.78 (SD = 
2.47), 19.77 (SD = 1.22), and 20.22 (SD = 2.12) for conditions S-0, A-0, 
and R-0 respectively. 

^ 


3 
Retention d 


Figure 1 shows the mean total number of words recalled, the first 
measure of retention. This total includes cases of partial recall as well 
as cases of complete triad recall, the only restriction being that the 
recalled item be given as a response to the appropriate stimulus. The re- 
tention scores on the immediate test exhibited the typical relationship 
between rate of acquisition and magnitude of postcriterial drop. The dif- 
ference was .12, .34, and 1.34 items for conditions S-0, A-0, and R-0 re- 
spectively. Analysis of variance of the data summarized in Figure 1 
showed a significant main effect of retention interval [F(3, 96) — 34.67, 
p « .001]. The effect of lists (F — 3.80) and the interaction effect (F « 1) 
were not significant. 

The left half of Table 3 shows the percent forgetting (loss scores) 
based on the recall scores for the immediate retention test. The average 
percent forgetting at 5 hours was 38%, the 24-hour average showed a 
decline, but at 1 week forgetting had increased to 69%. The differences 
among lists were relatively small and are confined largely to the test 
at 5 hours. 

The second measure of retention was triad recall. The left half of 
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MEAN NUMBER OF 
WORDS RECALLED 
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Fig. 1. Mean number of individual words recalled 


Figure 2 shows the mean number of complete triads recalled (T). Cor- 
rect recall was credited only if all three words in the triad were given in 
the correct order to the appropriate stimulus. Again the retention scores 
on the immediate test exhibited the usual relationship between rate of 
acquisition and magnitude of postcriterial drop. The difference was .12, 
‘T7, and 1.56 for conditions $-0, A-0, and R-0 respectively. Analysis of 
variance of the data summarized in Figure 2 showed significant main 
effects for both lists [F(2, 96) = 16.64, p < .001] and retention interval 
[F(3, 96) = 36.30, p < .001]. The interaction effect was not significant 
(F < 1), Recall of triads diminished as the retention interval increased, 
and at each interval the rank order of recall was S > A > R. 

The percent forgetting is shown in the right half of Table 3. The trend 
over time is similar to the trend obtained for number of words recalled 
(left side of Table 3). One additional feature of Table 3 warrants atten- 
tion. A comparison of the percentages for the two measures of recall 
shows that whereas the percentages were highly similar for lists S and A, 
this was not so for list R. In this latter case, comparisons at each of the 
tree retention intervals reveal higher loss scores for recall of triads. 

y A supplementary measure of triad recall was obtained using a more 
liberal criterion of correctness (T1). A triad was scored correct if all three 
Words were recalled, regardless of order. The Tz means are also plotted 
in Figure 2, whose two parts show that the stringent and liberal scoring 
criteria yielded identical results for list S and list A. But a consistent dif- 
ference between T's and T; was obtained for list R. The T; scores were 
Consistently higher, with the result that lists A and R did not differ on 
this measure. Analysis of variance of the T; data showed significant 
main effects of lists [F(2, 96) — 7.95, p < 01] and retention interval 
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Fig. 2. Mean number of triads recalled correctly, Ts; mean number of triads 
recalled correctly disregarding order, Tr. 


[F(3, 96) = 32.93, p < .001]. Individual comparisons among the lists, 
using the f test, showed significant differences at each interval between 
list S and the other lists (.10 > p < .01). The differences between lists 
A and R were not significant. 

The final retention measure was a conditional probability. For each 
experimental condition we computed the probability of correct triad 
recall by the stringent criterion, given that at least one word from the 
triad was correctly recalled. On the criterial trial, p(Ts/W) ranged from 
.86 to 1.00. For the three groups assigned to the immediate retention test, 
p(Ts/W) on the criterial trial was .97, .86, and .87 for conditions S-0, A-9, 
and R-0 respectively. Comparing these values with those obtained on 
the immediate recall test showed postcriterial drops of .01, .00, and .14 
for conditions S-0, A-0, and R-0 respectively. 

The p(Ts/W) measure is plotted at the left of Figure 3. There were 
consistent differences among the lists; at each interval S > A > R. A 
value for p(Ts/W) was determined for each subject, and an analysis of 
variance was computed for these data. The analysis showed significant 
main effects of retention interval [F(3, 96) = 13.66, p > .001] and lists 
[F(2, 96) = 25.17, p > .001]. The interaction of lists and retention in- 
terval [F(6, 96) = 1.17] was not significant. 

The p(Ts/W) differences among the lists were due to differences in 
Ts. The opportunity for triad recall, as defined by the frequency of 
triads from which at least one word was recalled (W),did not differ for 
the three lists at each interval. For example, considering lists S and R, 
the W frequencies at the four retention intervals were S-0 = 63, R-0 = 
50; S-5 = 49, R-5 = 49; S-24 = 45, R-24 = 51; S-wk = 24, R-wk = 25 
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Fig. 3. Conditional probability of recall of complete triad given that at 
least one word from the triad is correctly recalled, p(Ts/ W); conditional prob- 
ability of recall of complete triad, disregarding order, given that at least one 
word from the triad is correctly recalled, p(T1/ W) 


Figure 3 also plots the conditional probabilities using the liberal cri- 
terion for scoring triad recall, p(T;/W). The effect of the liberal score 
was to raise the values for list R, so that the values of p(T;/W) for lists 
A and R become more similar. 


DISCUSSION 


Five main findings on the retention of S, A, and R triads have been 
reported. First, the total number of words recalled from lists S, A, and R 
at each interval did not differ. Second, the number of triads correctly 
recalled (T's) at each interval was in the order S > A > R. Third, at each 
interval the conditional probability p(T's/W) differed for the three lists, 
S >A >R. For list S, p(Ts/W) remained at a very high level even 
after one week. Fourth, the number of triads recalled disregarding order 
(T1) was greatest for list S, but lists A and R were equivalent on this 
measure, Fifth, with the liberal contingency measure, p(T;/W), list S 
again yielded high values at each interval, list A was also unaffected, but 
list R values were increased relative to the p(Ts/W) measure, so that 
list A and list R did not differ consistently. 


Unitization 


The three lists were acquired at different rates. These differences may 
be attributed to the facilitating effect of semantic and syntactic con- 
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straints on unitization or response integration (Johnson, 1968a, pp. 435- 
445). The conditional probabilities provide further evidence of unitiza- 
tion in storage and retrieval. Although the recall of words and triads 
from list S decreased sharply over time, p(T/W) remained almost un- 
changed and never dropped below .84. In other words, if at least one 
item was retrieved, the probability of retrieving all three members of a 
triad never was lower than .84, even after a week. This finding is con- 
sistent with the view that the triads in list S are units (Horowitz and 
Prytulak, 1969; Johnson, 1968b). 

At each interval, p(Ts/W) was higher for list A than for list R. On the 
other hand, p(T,,/W) was not consistently different for the two lists. The 
latter finding suggests that syntactical constraint does not facilitate item 
retrieval. However, syntax can facilitate the retrieval or reconstruction of 
order, leading to higher values of T; for list A than for list R. And given 
equivalent W values for the two lists, p(Ts/W) will be higher for list A 
than for list R. 


LJ 
Semantics and syntax 


The triads in list S combined semantic and syntactic constraint, list A 
incorporated only syntactic constraint, and the triads in list R were free 
of any constraints. The experimental results show that these constraints 
enhanced recall. a act to facilitate retrieval of items, 
and syntactic constraints act to determine order of output. This conclu- 
sion is suggested by the fact that recall of list S was superior on both 
measures of triad recall, whereas list A was superior to list R only for 
recall of triads in correct order. The superiority of list S reflects the facili- 
tation of item retrieval due to semantic constraint. The absence of a dif- 
ference between lists A and R on T; implies that syntax does not con- 
tribute to item retrieval. The superiority of list A on Ts was due to the 
loss of order information for list R, suggesting that the presence of syn- 
tax in list A facilitates the correct order of output. 


Forgetting 


There was no evidence of differential forgetting among the list types: 
None of the retention measures yielded a significant interaction of list 
and retention interval. This is a disappointing outcome. On the grounds 
of interference theory (Keppel, 1968), one would expect differential for- 
getting to stem from differences in the magnitude and type of interfer- 
ence exerted by normal language behavior outside the laboratory. The 
normal sequence of form classes (syntax) would interfere with the un- 
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grammatical sequences of classes in the triads of list R and thus lead to 
loss of order information. The normal sequence of words in meaningful 
sentences would interfere with triads from both lists A and R and thus 
lead to loss of items from these lists. Both sources of interference would 
operate to produce forgetting of list R, whereas only word-sequence in- 
terference would affect list A. Word-sequence interference would prob- 
ably also be present for list S, but to a lesser degree inasmuch as these 
sequences are less likely to conflict with normal language. This line of 
reasoning predicts differential forgetting of the lists in the order R > 
A > S. The data did not confirm that prediction. 

What accounts for the absence of differential forgetting? One possibil- _ 
ity is that the linguistic dimensions that distinguished the lists were not - 
the dimensions along which interference develops. This seems unlikely, 
and there is in fact contrary evidence in the form of Heisey and Duncan's 
(1971) demonstration of the buildup and recovery from poa E 
bition as a function of variations of sentence structure in Wickens’ (1970) 
paradigm. Of course, there is an important difference between the con- 
ditions of those experiments and the present one. The former were 
studies of intralaboratory interference whereas the one we report was 
a study of interference presumed to arise from extralaboratory verbal 
behavior. In this respect, our experiment is more appropriately com- 
pared to other studies of extraexperimental interference in relation to the 
nature of the material—studies whose results show an unhappy con- 
cordance with our data (see Underwood and Ekstrand, 1966). In both 
cases, the amount forgotten has been independent of the nature of the 
material and has varied only as a function of degree of learning. A 
hypothesis worth considering is that the difference between the con- 
lexts of verbal behavior in the laboratory and language behavior in 
*xtralaboratory discourse is so great that the two domains of behavior 
are effectively isolated and, therefore, insulated from interfering with 
each other. 


Notes 

Received for publication April 16, 1971. 
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IMAGES AS MEMORY AIDS: 
IS BIZARRENESS HELPFUL? 


Stanley C. Collyer, John Jonides, and William Bevan 
Johns Hopkins University 


Eighty subjects learned noun-verb-noun triplets suggesting either common, 

plausible scenes or bizarre, implausible scenes and under instructions to use 

imagery or a verbal-memorization strategy. Clearly the best free-recall per- 

formance was by the subjects who used plausible images as mediators, a su- 

guy that was not due simply to a difference in semantic meaningfulness 
tween the common and bizarre triplets. 


The role of mediating images as aids to memory is currently enjoying a 
resurgence of interest, as may be seen in the recent reviews of Paivio 
(1969) and Bugelski (1970). A number of experiments have shown that 
when subjects are given instructions to use images as mediators in a 
paired-associates situation, recall scores are remarkably high. For exam- 
ple, the frequently cited study of Wallace, Turner, and Perkins (1957) re- 
ported approximately 95% correct recall with 700 paired associates, each 
seen only one time. More recently, Bugelski, Kidd, and Segmen (1968) 
also reported that, with enough time, subjects given instructions to form 
Images outperformed controls given no such instructions, a result con- 
firmed by Bugelski (1968) using a more difficult task. Similarly, Paivio 
(1969) has repeatedly shown image instructions to be superior to rote- 
repetition instructions or to no instructions at all. Furthermore, the as- 
Sertion that subjects, when instructed to, do indeed use images instead 
9f verbal mediators was supported indirectly by Bugelski (1968), who 
examined his subjects" descriptions of their mediators, and in a different 
fashion by Atwood (1969), who showed that visual interfering stimuli 
Were more detrimental than auditory ones when subjects were in- 
Structed to use images, while the reverse was the case in a verbal-learning 
task not involving imagery. It thus would seem to be well established 
that images can be used effectively as mediators for learning verbal 
material, 

j Attention has now turned to specifying the characteristics of a ‘good’ 
Mnemonic image—to those qualities that make it most effective as a 
mediator. Atwood (1969), for example, has demonstrated the importance 
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of figural unity in images. The interdependence of the various parts of 
the image enhances the likelihood that one part will be able to evoke the 
whole. 

One qualitative aspect of images traditionally thought to be related 
to mnemonic effectiveness is their bizarreness, or implausibility. Advice 
to construct bizarre and unusual mental pictures can be found in the 
classical literature (see Yates, 1966), as well as in modern sources (Miller, 
Galanter, and Pribram, 1960). However, current attempts to confirm bi- 
zarreness as an important variable have so far produced inconclusive re- 
sults (Atwood, 1969; Wood, 1967; Bugelski, 1970), probably due in part 
to the difficult methodological problems involved. One of these problems 
involves manipulating the degree of bizarreness of the images without 
destroying any relevance the mnemonic exercise might have for a real 
situation in which the subject is trying to remember a number of things. 
On the one hand, when the experimenter completely specifies for the 
subject the details of the mnemonic image, the situation is quite dif- 
ferent from the latter's being left free to create his own. Although Briggs. 
Hawkins, and Crovitz (1970) did obtain high recall scores when images 
were specified, performance might well have been better if the subjects 
had been required to construct images of their own choosing. On the 
other hand, simply "BE the subjects to construct either common or 
bizarre images leads to difficult description and rating problems. Fur- 
thermore, it probably also confounds figural unity with bizarreness, since 
the most ‘common’ image involving two or more initially unrelated ob- 
jects would likely be a simple juxtaposition. 

The experiment now reported sought to clarify the relationship be- 
tween bizarreness of the mnemonic image and efficiency of free recall 
by following a procedural middle course. Our aim was to maintain high 
figural unity and, at the same time, to provide just enough guidance in 
the construction of the image to ensure that degree of bizarreness was 


manipulated even as the subject was free to construct an image mostly 
of his own choosing. 


METHOD 


—Experimental approach— The procedure involved presenting noun-verb- 
noun triplets with the nouns held constant across groups; the verbs differed 
to guide the formation of either common or bizarre images. The subject’s task 
was to recall as many of the second nouns as possible within a given eriod o 
time. The basic approach, then, was to use a simple two-group between 
subjects design. However, certain additional bd were required. While 
elements of the triplets might be equated for frequency of usage, associabil- 
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ity, or some similar criterion, the semantic meaningfulness of each triplet 
quite probably depends on its composition as a whole. Consequently, ease 
of recall of the second nouns might well vary as a function of the meaning- 
fulness of the verbal combinations used, variations which could obscure dif- 
ferential recall scores due to imagery. Accordingly, it was deemed necessary 
to replicate the simple two-group design with another two groups given 
instructions to make use of a verbal-mediation strategy instead of an imagery 
strategy in memorizing the material. The influence of bizarreness in image- 
mediated recall is thereby indicated if the difference in performance between 
the two imagery groups is reliably larger than the difference for the two verbal 
groups. 


—Subjects—In all, 140 Johns Hopkins undergraduates participated as sub- 
jects, Sixty of these were used in two preliminary exercises pertaining to stimu- 
lus preparation; the remaining 80, separated randomly into groups of 20, 
constituted the four cells of the 2 x 2 between-groups design. All were volun- 
teers paid for their services. Each was tested individually in a 30-min session. 


—Stimuli—Each of the four experimental groups received a set of 20 noun- 
verb-noun triplets. For two groups, pairs of nouns were connected by a verb 
which suggested a ‘common,’ or plausible, relationship; for the remaining two, 
the same nouns were connected by a verb suggesting a ‘bizarre,’ or implaus- 
ible, relationship. 
The triplets were constructed by first selecting 44 nouns with high imagery 
and concreteness ratings from the Paivio, Yuille, and Madigan list (1968). On 
a seven-point scale, mean imagery was 6.61 and mean concreteness 6.89. 
Next, for each noun a common transitive verb was chosen which was appro- 
priate to that noun, that is, one which naturally or frequently occurs in con- 
junction with the noun. Thus, for example, the verb putt was paired with the 
stimulus noun HORSE, BLAST with SHOTGUN, MEASURE with TABLESPOON, and 
So on. Finally, 44 response nouns (mean imagery, 6.56; mean concreteness, 
6.88) were selected to complete the triplets. These nouns were chosen so that 
they were not, in the judgment of the experimenters, highly frequent or stereo- 
typed associates of the stimulus noun and verb.1 At the same time, they sug- 
gested a relationship that might reasonably occur in real life.? Examples are 
HORSE PULL ROCK, SHOTGUN BLAST BUILDING, and TABLESPOON MEASURE 
LEMONADE. 
When the 44 common triplets had been constructed, they were divided at 
qunm into two sets and the verbs interchanged between the sets, yield- 
n two sets of bizarre triplets with 22 triplets in each set. Examples are 

ONSE AWAKEN ROCK, SHOTGUN MEASURE BUILDING, and TABLESPOON BLAST 
LEMONADE, 1 


zs the total of 88 triplets was rated for bizarreness by two groups of 
vat ges, each group rating 22 common and 22 bizarre triplets. This rating 
deid fence not only to verify that bizarreness had been manipulated in the 
Was no ashion but also to permit the elimination of triplets for which there 
The te Li agreement or for which subjects could not construct an image. 
as“ ror zarre was defined for the judges by presenting such synonyms 
ach jud, que, ‘implausible,’ ‘incongruous, ‘ludicrous, ‘odd,’ and ‘strange. 
Tate hi duce ened. to imagine a scene suggested by each triplet and to 
5 mage on a seven-point scale from least to most bizarre. He was cau- 
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tioned not to rate his difficulty in constructing an image but rather its bizarre- 
ness once constructed. As a result of these ratings, 8 triplets were discarded, 
and four groups of 20 remained, two composed aan and two of bizarre 
triplets. The mean ratings for these groups were: Common: = 1.70, Com- 
mons = 1.71; Bizarre: = 4.83, Bizarre: = 4.82. 

Tests of free recall were then conducted for these four groups (with ten 
subjects per group), using the procedure described below for the inten 
groups. As anticipated, the means were identical across lists employing differ- 
ent verbs (Common; + Bizarre: = Commone + Bizarre, t(38) = .152, n.s.]. 
As a result, Commons and Bizarre were discarded; the main experiment pro- 
ceeded with only two stimulus lists. 


— Procedure—Each subject in the two imagery groups was told that he was 
in an experiment on the use of images as aids to memory. He was informed 
that he would receive a booklet containing a series of noun-verb-noun triplets, 
one triplet on each page, and that he would later be asked to recall the second 
noun of each triplet. His initial task was described as constructing a ‘mental 
picture’ of a scene in which the first noun did what the verb specified to the 
second noun (an example was given, along with a description of an image 
meeting this requirement). He was instructed to concentrate on each triplet 
until a satisfactory image was constructed, at which time he was to turn the 
page to the next one. The maximum time permitted for each triplet was 30 
sec, with the experimenter recording the time spent on each page. 

— ge exposure to the 20 triplets, the subject performed a 4-min 
distraction which consisted of searching for targets on a sheet of random 
letters. Next, a 4-min free-recall period was provided during which he wrote 
down all the response nouns he could remember, without regard to their 
order of presentation. 

Each subject in the verbal-mediation groups was told that he was in an 
experiment on the use of verbal associations as aids to memory. Suggestions of 
verbal strategies were given (e.g., constructing a short sentence containing the 
three elements of the triplets, or repeating the triplets by rote). All other 
procedural details were identical to those for the imagery groups. 

s In order to verify that all the subjects had followed their respective instruc: 
tions in ing to memorize the material, each subject was interro ated 
after the recall test. The experimenter repeated each triplet and aske the 
subject to report what he did to try to memorize that triplet. If he had failed 
to use the designated strategy on 8 or more of the 20 items, his data were 
discarded. On this basis, data from 24 subjects were excluded; 17 of them 
were from the verbal-strategy groups, and 7 from the imagery groups. Addi- 
tional subjects were run until each of the two instructional groups had 40. 


RESULTS 
Free recall 


Figure 1 presents the mean number of response nouns correctly 1e- 
called by the several experimental groups. Inspection reveals that sub- 


jects who had received the common triplets performed distinctly bette? 
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during free recall than those presented the bizarre triplets [mean recall 
difference between types of triplets = 3.2 items; F(1, 76) = 42.60, p < 
401]. Furthermore, subjects who had been instructed to create images 
from the triplets generally recalled more items than those required to 
use a verbal strategy [mean recall difference between types of instruc- 
tion = 2.7 items; F(1. 76) = 30.30, p < .001]. Finally, the interaction be- 
tween stimulus material and instructions was also significant [ F(1, 76) = 
9.85, p < .01]. 


SS, 
BIZARRE 


Mean Correct Responses 


VERBAL IMAGERY 
Type of Instruction 


Fig. 1. Mean number of response nouns correctly recalled 


The interaction quite clearly was due to the superiority of the com- 
mon-imagery group. Mean separation tests bear out this conclusion. The 
mean differences between the group using common images and the 
other groups were, in order of mean amount recalled, 4.2, 4.7, and 5.9 
items respectively [least significant difference (p < .001) = 2.36; see 
Kirk, 1968]. All other differences failed significance. The procedural im- ` 
plications of this interaction are of particular note. Had a significant 
interaction not obtained, it could be contended that subjects who re- 
ceived the common triplets displayed better free-recall performance 
solely because these triplets were more semantically meaningful than the 
bizarre triplets. 


Time to construct images 


Ananalysis of the average amount of time spent on each triplet showed 
To significant differences for the four experimental groups. The mean 
times ranged from 20.5 sec for the common-imagery group to 23.6 sec 
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for the bizarre-verbal group. This suggests that the superiority of com- 
mon images is not simply a consequence of the greater time spent in the 
construction of those images. 


DISCUSSION 


The present data indicate that use of common or plausible triplets 
resulted in superior recall, with unequivocally the best performance 
being identified with the construction of images from this material. Thus 
it would appear that the frequently recommended strategy of using 
bizarre imagery as a mnemonic aid is unwise. 

Before speculating on the reasons for this finding, let us explore the 
possibility that an explanation not involving imagery might easily ac- 
count for our results. The likelihood that the superiority of the common- 
imagery group is attributable to some "verbal factor rather than to the 
content of the subjects' visual images was fairly certainly eliminated by 
the several procedural controls employed. First, the fact that some words 
are easier to remember than others was offset by using the same stimulus 
and response nouns in both the common and bizarre triplets. Second, 
while the meaningfulness of the triplet as a whole changes when the verb 
is changed, the inclusion of groups with identical stimulus materials, but 
with instructions to use a verbal-mediational strategy, makes possible the 
segregation of semantic effects from effects due to imagery. Indeed, the 
significant interaction of stimulus material and instructions makes clear 
the operation of nonverbal—here, specifically imaginal—factors in the 
enhanced recall of the common-triplet response nouns. 

How should we account for the superiority of common over bizarre 
imagery? One might suppose, given the virtually limitless capacity of 
visual memory (see Wallace et al., 1957; Standing, Conezio, and Haber, 
1970), that an image, if well formed, should persist regardless of its 
bizarreness. Thus it is possible that the subjects’ bizarre images for some 
reason may have been less complete, less detailed, or less ‘vivid.’ For all 
groups, the 30-sec maximum for image construction was usually ample; 
nevertheless, the subjects presented with the bizarre triplets may have 
adopted a less stringent criterion for vividness or completeness. 

A second possibility for the superiority of plausible imagery is that à 
common triplet may easily suggest several images to a subject, whereas 
a bizarre triplet suggests only one. A greater number of images leading 
to a given response could increase the likelihood of that response at the 
time of recall. 
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Figural unity, which Atwood (1969) has shown to be important for 
remembering an image, probably did not play a role in the present ex- 
periment. The subjects in both imagery conditions were instructed to 
create an image that linked the two nouns in some manner specified by 
the verb, so that there is no reason to believe that the parts of a bizarre 
image were less spatially interdependent than those of a common 
image. 

One final point concerns what is meant by ‘common’ as opposed to 
‘bizarre’ images as mnemonic aids. One might object that there is noth- 
ing particularly common about ELEPHANT TRAMPLE GARDEN Or QUEEN 
PLAY HARP (two of the common triplets used); that is, that the triplets do 
not truly span a continuum from common to bizarre. In fact, 'common- 
ness’ is probably an inappropriate term when used in the context of 
mnemonic imagery. A truly common image in a practical mnemonic 
system would be an extremely rare event, since the essence of such a 
system is the pairing of the object to be remembered with one of an 
arbitrary list of items, a pairing chosen simply because the items are easy 
to remember in a particular order. It therefore may be more reasonable 
to refer to a continuum running from ‘plausible’ to ‘bizarre.’ 

In conclusion, and aside from the particular reasons for the superiority 
of common over bizarre imagery, it seems fair to say that any practical 
advice to a person for using imagery as a mnemonic system should, 
while stressing concreteness and figural unity, direct him to imagine the 
most plausible connection between the retrieval cue and the object to 
be remembered, and not to waste effort constructing an especially bi- 
zarre, implausible, or unusual image. 


Notes 


This research was performed under Contract N00014-67-A—-0163-0001 
between the Johns Hopkins University and the Physiological Psychology 
Branch, Office of Naval Research. Dr. Collyer’s address is now: Technology 
Incorporated, Life Sciences Division, 8531 North New Braunfels Avenue, 
San Antonio, Texas 78217. Mr. Jonides's address is now: Department of Psy- 
chology, University of Pennsylvania, Philadelphia, Pennsylvania 19104. Re- 
ceived for publication April 23, 1971. j 

l. Some examples of nouns rejected on this basis would be those in 
brackets: HORSE PULL [CARRIAGE], SHOTGUN BLAST [THIEF], or TABLESPOON 
MEASURE [suGAR]. 

2. Response nouns rejected on this basis might have been (in brackets) 
HORSE PULL [STRAWBERRY], SHOTGUN BLAST [FORK], Or TABLESPOON MEASURE 
lapuicur], 
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INTERFERENCE IN SENTENCE RECALL 


Calvin D. Sowder 
Chico State College 


The 144 subjects learned either one list of sentences or three lists (of varied 
interlist topical similarity) by the method of free recall. After 24 hours a mea- 
sure of semantic recall was taken. Significant retroactive (p < .01) and pro- 
active (p < .025) inhibition were observed as a function of the number of 
lists. Significant retroactive (p < .05), but not proactive, inhibition occurred 
as a function of interlist topical similarity. 


This experiment examines recall of the content of sentences learned 
by the method of free recall, Variables of interest were (a) number of lists 
and (b) interlist similarity of topics with which the sentences dealt. 

The existing data for sentences are equivocal with regard to both of 

these variables as they affect recall. Hall (1955) failed to find retroactive 
inhibition in a task requiring recall of missing words from previously pre- 
Sented sentences, while Mehler and Miller (1964) found a negligible 
amount of retroactive inhibition for the semantic content of sentences 
learned by the method of free recall. Slamecka (1960, 1961) demonstrated 
both proactive and retroactive inhibition in the recall of single 20-to-30- 
Word sentences learned by serial anticipation. Slamecka's relearning 
measure, however, does not permit examination of the recall of meaning 
Without verbatim recall of the sentence. 
à In the experiment below, topical similarity was manipulated by us- 
ing lists of sentences that dealt with either biology or Australian history. 
Number of lists was varied by having groups learn either one or three 
lists. Recall of semantic content was measured after 24 hours. An inter- 
ference theory would predict that subjects learning a single list would 
exhibit greater recall than those learning multiple lists and that subjects 
recalling a list similar to their other lists would show poorer performance 
than subjects recalling a dissimilar list. 


METHOD 
—Subjects—Four groups of 36 subjects (a total of 144) were used. All were 


students enrolled in introductory psychology at Chico State College and were 
Dg à course requirement. 
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—Materials—Six lists of 14 sentences each were used. The sentences varied 
in length from five to nine words. Three lists of sentences dealt with biology 
and three lists with Australian history. Three random orders of each list were 
used, and each list was used equally often in each possible position. 


— Procedure— During acquisition the sentences were presented with a Kodak 
Carousel projector. Each list was presented four times with each sentence ex- 
posed for 5 sec during each presentation. Exposure time was controlled by 
an external timer. A 5-min test of written recall followed the second and fourth 
presentation of each list. The instructions emphasized exact verbatim repro- 
duction of the sentences during acquisition, but scoring of recall was in the 
‘lenient’ fashion described below. Written recall was tested again after 24 
hours. The subjects were now given as much time as necessary to recall but 
were required to take at least 20 min in the three-list conditions and at least 
7 min in the single-list condition. They were also told to recall the sentences in 
any order that occurred to them. 


—Design—Three groups each learned three consecutive lists; the fourth 
group was a single-list control. The similarity relation involved sentences deal- 
ing with biology or Austrialian history. In condition SSS the subjects learned 
three consecutive lists all dealing with the same topic. In conditions DSS and 
SSD, the subjects learned two lists dealing with one topic and one list dealing 
with the other topic. Thus in condition DSS, the first list for half the subjects 
dealt with biology. Subjects were run in groups of three to six, the groups 


randomly pees to treatment orders. Data for extra subjects was randomly 
eliminated before analysis. 


RESULTS 


Table 1 presents the mean number of sentences recalled during acqui- 
sition and after 24 hours. Sentence recall, both during acquisition and 
after 24 hours, was scored in a ‘lenient’ fashion. That is, sentences were 
counted correct if they had a subject or object the same as or similar to 
the one presented during acquisition. A second, independent rater scored 
protocols for 72 of the students and disagreed in only 2 cases. It was 
therefore assumed that the scoring was reliable. The result of this method 
was that few sentences were rejected by the scorer and the data tend to 
reflect total failure by the student-subjects to attempt recall of the mean- 
ing of a sentence. 

The analysis of data for original learning indicated no significant dif- 
ferences among the groups for the first list (including the control) nor for 
the third list (including the control), with both Fs < 1.0. Thus there is no 
evidence that the four groups were not equivalent in original learning: 

The analysis of recall for the first list after 24 hours used two orthog- 
onal comparisons. The first of these [SSS, SSD, and DSS versus the 
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Table 1. Means for sentence recall in acquisition and after 24 hours 


Acquisition After 24 hours 
Group List 1 List 2 List 3 List 1 List 2 List 3 
SSS 1053 1080 10.83 703 864 861 
SSD 10.11 10.00 10.89 6.89 7.89 9.00 
DSS 10.08 10.78 10.61 8.30 8.39 8.56 
Control 10.69 10.08 


Note: Each mean is based on 36 observations; the means in acquisition are 
for the second recall trial of a given list. 


single-list control, F(1, 140) — 27.50, p € 01] indicates significant retro- 
active inhibition as a function of number of lists. The second comparison 
[SSS versus DSS, F(1, 140) — 4.18, p < .05] indicates significant retro- 
active inhibition as a function of the topical similarity of the intervening 
lists, 

Similarly, the analysis of recall for the third list after 24 hours also 
used two orthogonal comparisons. The first of these [SSS, SSD, and 
DSS versus the single-list control, F(1, 140) = 6.62, p < .025] indicates 
significant proactive inhibition as a function of number of lists. The sec- 
ond comparison was nonsignificant (F « 1.0), indicating that the null 
hypothesis on the effect of similarity of prior lists was not rejected. 


DISCUSSION 


These data may be partially accommodated by an interference theory 
that assumes a process of generalized response competition (Postman, 
Stark, and Fraser, 1968) under conditions of unlimited recall time like 
those in the experiment just described. According to this notion, inhibi- 
tion in recall is proportional to the number and similarity of competing 
responses, The data only partially support this idea, because lesser inhi- 
bition was not demonstrated in the recall of the third list when it was dis- 
similar to the two previous lists. This failure is not decisive, however, 
as it may be attributable to the relative degree of similarity, the number 
of prior lists, and the degree of prior learning (Underwood, 1957). 

The lenient method of scoring used here is assumed to reflect a loss of 
availability of the semantic content of the sentences rather than inac- 
curacy in verbatim reconstruction. Given this assumption, it may be 
argued that forgetting of the semantic content of sentences can be ex- 
plained in the same way as the forgetting observed in studies using tra- 
ditional paired-associate techniques (Keppel, 1968). 
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Notes 


A version of this paper, entitled "Topical similarity as a variable in the for- 
getting of sentences learned by the method of free recall," was presented at 
the meeting of the Western Psychological Association, Los Angeles, Cali- 
fornia, 1970. Requests for reprints should be sent to Calvin D. Sowder, De- 
partment of Psychology, Chico State College, Chico, California 95926. Re- 
ceived for publication June 1, 1971. 
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POLARIZATION IN SERIAL AND 
PAIRED-ASSOCIATE LEARNING 


Richard A. Kasschau 
University of South Carolina 


The average degree of polarization (D4) of the words in a list was varied as 
associative meaningfulness (Noble's m) was held constant. Across three ex- 
periments D, and number of trials to criterion were significantly positively re- 
lated, and the effects (among them, the von Restorff isolation effect) that have 
been found with varying m were essentially replicated with varying D4. The 
exceptions to these findings, and the value of D, as a measure of meaningful- 
ness, are discussed, 


The influence of meaningfulness on the ease of learning verbal ma- 
terial has been explicitly recognized by experimental psychologists since 
at least 1885, when Ebbinghaus introduced ‘nonsense’ syllables. Failing 
in the attempt to create verbal material devoid of meaning, the effort 
turned then to quantifying and measuring the relative amounts of 
meaningfulness possessed by varieties of verbal material. Broadly classi- 
fied, these many measures may be divided into measures of associative 
(Noble, 1952; Deese, 1965; and others) and semantic meaningfulness 
(Osgood, Suci, and Tannenbaum, 1957). Certain difficulties have re- 
sulted from this absence of a commonly accepted quantitative measure 
of meaningfulness—an absence at least partly responsible for the large 
number of different, although often similar, measures that have been de- 
veloped. Lacking a single acceptable definition of meaningfulness, it 
would seem advisable to study the similarities and differences of the 
Semantic and associative measures extant. 

The need for such studies is emphasized, first, by the clear disagree- 
ment as to the distinction, or lack of it, between the two types of mea- 
sures. For example, after reviewing Bousfield (1961), Deese says, “Bous- 
field’s results are convincing enough to make it profitable to view the 
process underlying the semantic differential as an associative one” (1965, 
P. 72). Osgood, after reviewing the same (and related) work, says, “the 
reactions of subjects to a semantic differential are not predictable from 
knowing their word-association hierarchies” (1961, p. 105). 

Second, Kasschau and Pollio (1967) have demonstrated that with 
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associative (or semantic) meaningfulness held constant, words varying in 
semantic (or associative) meaningfulness are sufficient to mediate re- 
sponse transfer to a second list with a 41%-43% savings. Thus, both 
semantic and associative measures seem to index aspects of meaningful- 
ness that can influence ease of learning. 

Finally, Koen (1962) and Zippel (1967) have reported a Pearson r of 
+.76 between the Noble (1952) association values (m) of an 18-word 
sample and the average distance from a neutral rating of 4.00 (D4) of the 
semantic-differential ratings of those words on 20 scales. By contrast, 
Howe (1965) reported r = +.51 and Paivio (1968) reported r = +.43 
in similar comparisons. These reports indicate that as the association 
value of the words increased, so did the rated intensity of meaning on 
the semantic differential, although there has been some disagreement 
as to the magnitude of the relationship. 

In sum, there is evidence to indicate that semantic and associative 
measures are correlated but measure distinctive aspects of meaningful- 
ness. To the extent that this correlation exists but falls short of being per- 
fect, there is justification for studying the relation between these mea- 
sures, especially with respect to the ease of learning verbal material 
defined by them. 

For the words in each of the following experiments, associative mean- 
ingfulness had already been shown to yield a consistent change in be- 
havior as a function of increments in m. The procedures of previous 
studies were replicated insofar as practicable, but m was equated across 
lists and the materials to be learned were varied in the intensity of rated 
semantic meaningfulness. Would these variations in D, with m held 
constant yield effects similar to those noted when m was varied? 


EXPERIMENT I 


Noble (1952) demonstrated that the difficulty in reaching a criterion 
of one perfect recitation of a 12-item serial list was a decreasing curvi- 
linear function of m. He also showed that for three preexperimental 
ability levels, the difficulty in attaining a criterion of 7 of 12 items 
correct on those same serial lists was a decreasing curvilinear function 
of m, and that in terms of total trials to criterion there was an interaction 
between the effects of ability and m. Holding m constant, Experiment I 
was an attempt to replicate these findings using three serial lists of dif- 
ferent average D, and dividing the subjects in each group into three 
ability levels based on practice-list performance. 
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Method 


—Subjects—The subjects were student volunteers from the introductory psy- 
chology course at the University of South Carolina. Participation in the experi- 
ment partially fulfilled a course requirement. There were three groups, com- 
posed of 21 females (mean age, 20.8 years) and 42 males (mean age, 19.7 
years). Equal numbers of subjects were randomly assigned to each group, 
keeping the ratio of males to females constant. 


—Apparatus and materials—The words used in Experiment I (as in Experi- 
ments II and III) were selected from among 96 nouns and adjectives that one 
group of 30 undergraduates had previously rated on 10 semantic-differential 
scales and that another 30 undergraduates had used as stimulus words in a 
30-sec production test similar to Noble's (1952; see Kasschau, 1970). The 96 
words were ranked according to increasing magnitude of D, with word 1 
having the lowest D,. To obtain a high-intensity set of words, words were 
drawn in sequence starting with word 96 until the requisite number had been 
obtained. When all lists for an experiment had been selected, it was usually 
necessary to draw additional words so as to exactly equate each list for num- 
ber of one- and two-syllable words, replicated initial letters, and average m. 

All materials were presented on a Stowe 459B memory drum, in an air- 
conditioned, sound-proofed, humidity-controlled room. 


— Procedure and lists—With the following exceptions, the method described 
by Noble (1952) was replicated exactly. First, neither rest intervals nor color 
naming was included in the present procedure. Second, only one practice 
list was used to establish the preexperimental ability levels, and each subject 
learned exactly the same list. Third, the practice and experimental lists were 
both learned in one experimental session, separated only by a 1-min interval 
during which the experimenter engaged the subject in conversation while re- 
arranging the memory-drum shutters. Finally, 21 subjects served in each ex- 
perimental group, with 7 at each ability level based on the number of trials to 
attain a 7/12 criterion on a single 12-item practice list. These levels were: 
slow (it took the subjects more than 12 trials to reach criterion), average 
(8-12 trials to criterion), and fast (less than 8 trials to criterion). , 

The experimental lists were obtained as follows. For the ‘low’ (low D4) list, 
the 12 words drawn from words 1-17 (see section on materials, above) had an 
average m of 7.00 and an average D, of 1.83. For the ‘medium’ list, the 12 
words drawn from words 41-59 had an average m of 7.04 and an average 
D, of 3.59. for the ‘high’ list, the 12 words drawn from words 77-96 had an 
average m of 7.34 and an average D, of 5.36. The 12 words for the practice 
list were drawn 6 each from words 18-40 and 60-76 and had an average m 
of 7.30 and an average D, of 3.39. 


Results 


The performance of the three experimental groups learning the low-, 
medium-, and high-D, lists is plotted in Figure 1, showing the number 
of trials to reach successive criteria. 
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SUCCESSIVE CRITERIA 


TRIALS 


Fig. l. Mean number of trials to successive criteria, Experiment I 


The relationship of difficulty and meaningfulness at successive criteria 
of correctly anticipated items may be replotted from the data in Figure 
1. This relationship was identical in all important respects to that re- 
ported by Noble (see Figure 2, 1952) and is not repeated here. The 
average number of trials to achieve a criterion of one perfect recitation 
on the experimental list as a function of the three preexperimental ability 
levels (slow, average, and fast learners) is reported in Figure 2. 

As a check on the equality of variances for the groups having differing 
D, lists and ability levels, Hartley's test for homogeneity of variance 
was calculated [Fmax (df = 6, k = 9) = 3.61]; it was not significant. 
Next, a treatment-by-levels analysis of variance was performed on the 
number of trials to achieve a criterion of one perfect recitation of the ex- 
perimental list. The main effect of average semantic meaningfulness of 
the experimental lists was highly significant [F(2, 54) = 7.02, p < .005]. 
The number of trials required to reach criterion in learning the low-Ds 
list differed significantly (p < .005) from that required to learn either the 
medium or high lists, which did not differ significantly from one another 
according to the Duncan multiple-range test. The interaction of treat- 
ments and levels was not significant [F(4, 54) < 1.00], indicating that 
the treatments effect was consistent across all levels of preexperimental 
ability. 

As a final comparison, the mean number of errors made in achieving ê 
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MEAN TRIALS TO 12/12 CRITERION 
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Fig. 2. The difficulty-meaning relationship as a function of number of trials 
to 7/12 criterion on a practice list, Experiment I 


criterion of one perfect recitation as a function of serial position for the 
low, medium, and high lists was calculated. Except for minor reversals 
at serial positions 6 and 10-12, where the group working with the me- 
dium-D, list made slightly fewer errors than the group working with the 
high list, there was a perfect inverse relationship between errors and 
average D, of the lists. 


EXPERIMENT II 


Cieutat, Stockwell, and Noble (1958), using variations of high and 
low m of the stimulus and response terms, demonstrated (a) a greater 
difference in performance of the groups learning the ‘high-high’ and 
low-low lists than any other comparison, (b) that variations in response- 
term meaningfulness had a significantly greater effect than similar vari- 
ations in stimulus-term meaningfulness, and (c) that both stimulus- and 
Tesponse-term m as well as the interaction of these two variables in turn 
interacted with amount of practice. Substituting high and low semantic 
for associative meaningfulness, Experiment II was an attempt to repli- 
Cate these findings by varying D, while holding m constant. 


48 KASSCHAU 


Method 


— Subjects—The subjects were introductory psychology students fulfilling a 
course requirement. Four equal groups were composed from 24 females 
(mean age, 18.9) and 56 males (mean age, 19.2). Assignment to groups was 
random with the restriction that the ratio of males to females be constant. 


—Apparatus and materials—The words used were selected and the apparatus 
was the same as described in Experiment I. 


— Procedure and lists—All essential aspects of the method described by 
Cieutat et al. were exactly replicated, with the following exceptions. First, the 
10 pairs of words used as the practice list were one- and two-syllable nouns 
and adjectives drawn from words 33-62 (see section on materials, Experi- 
ment I). The mean D, of these words was 3.49; the mean m was 7.025. 

Second, for the experimental lists, 40 one- and two-syllable adjectives and 
nouns were selected such that for the 20 ‘high’ (high D,) words drawn from 
words 69-96 the average D, was 5.13; the average m was 7.21. Similarly, for 
the 20 ‘low’ words drawn from words 1-30 the average D, was 2.08; the 
average m was 7.02. 

All other significant details of apparatus and procedure were replicated. 
Thus there were four groups, each learning an identical practice list for 12 
trials and then a ‘low-low,’ ‘high-low,’ ‘low-high,’ or ‘high-high’ experimental 
list for 12 trials; a correction procedure was used, and both stimulus and re- 
sponse ems were pronounced at a standard 2:2 rate with a 4-sec intertrial 
interval. 


Results 


First, a simple randomized-design analysis of variance was performed 
on each subject's total number of correct anticipations on the practice 
list. The experimental groups may be considered of equal initial ability, 
since the obtained F [(11, 76) — 1.01] was clearly nonsignificant. 

Table 1 presents the average performance of the four groups in learn- 
ing the experimental lists. The order of increasing difficulty in terms of 
the cell mean was ‘high-high,’ ‘high-low,’ ‘low-high, and ‘low-low.’ The 
average difference in performance due to variations in stimulus-term 
meaningfulness was greater than that due to variations in response-term 
meaningfulness. 

Figure 3 shows the mean number of correct responses per subject as à 
function of practice. A tendency toward negative acceleration is ap- 
parent in all four curves. All curves appear to be approaching the same 
asymptote, with the group learning the low-low' list generally retaining 
its inferior position and the group learning the ‘high-high’ list generally 

retaining its superior position. 

Because all four curves appear to be approaching the same asymptote 
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Table 1. Mean total correct responses during trials 2-6, Experiment II 


D, value of 


response term 


D, value of Low High Stimulus 
stimulus term (2.08) (5.13) Mean difference 
Low (2.08) 27.05 30.85 29.95 
4.53 
High (5.13) 32.70 36.25 34.48 
Mean 29.88 33.55 
Response difference 3.67 


and have for all practical purposes overlapped at trial 6, a 2 X 2 X 5 
analysis of variance was performed on the subjects' performance over 
the first five trials, in accord with a recommendation by Anderson (1963). 
The analysis yielded a significant effect of stimulus meaningfulness 
[F(1, 76) = 9.78, p « .001], a significant effect of response meaningful- 
ness [F(1, 76) = 4.33, p < .05], and a significant practice effect [F(4, 
304) = 268.48, p < .001]. The only other significant effect was the inter- 
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Fig. 3. Mean number of correct anticipations as a function of the number of 


trials of practice, Experiment II 
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action of stimulus-term meaningfulness and practice [F(4, 304) — 2.45, 
p < 45]. 

As a final check, Pearson product-moment correlations (r) were calcu- 
lated between the total correct responses on the practice and experi- 
mental lists. The obtained correlations ('high-high' D,, .56; ‘low-high, 
37; ‘high-low,’ .61; and ‘low-low,’ .59) indicated no apparent trend based 
on ease of learning. The average r (by Fisher's Z transformation) was 54, 
consistent with the value reported by Cieutat et al. 


EXPERIMENT III 


Rosen, Richardson, and Saltz (1962) demonstrated that printing in red 
ink the fifth item of a nine-item serial list of words when all the other 
items were printed in black resulted in that fifth word being learned 
more rapidly than without benefit of the red ink. This von Restorff isola- 
tion effect was obtained only if average list m was low, not high. In the 
present experiment m was held constant and the average D, was varied 
across lists. It was predicted that with a low-D, list, isolating the fifth 
item would benefit the ease of learning it, as compared to a nonisolated 
control, but that isolating it in a high-D, list would not aid the learning 
of it, as compared to a nonisolated control. 


Method 


—Subjects—The subjects were students fulfilling an introductory psychology 
requirement. Four equal groups were randomly composed from 12 females 
(mean age, 18.7 years) and 60 males (mean age, 18.6), with the ratio of 
males to females kept constant. 


—Apparatus and materials—The words used were selected and the apparatus 
was the same as described in Experiment I. 


—Procedure and lists—With the following exceptions, the method of Rosen 
et al, (1962) was replicated exactly. First, only 72 subjects were used. Sec 
ond, to obtain the ‘low’ (low D,) list, nine words were drawn from among 
words 1-14 (see the section on materials, Experiment I). These nine words 
had an average m of 7.37 and an average D, of 1.85. The ‘high’ words were 
Lm from words 81-96 and had an average m of 7.38 and an average D, © 


Results 


For each subject, rank 1 was assigned to the list item eliciting the 
greatest number of correct anticipations, rank 2 to the item eliciting the 
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second greatest number, and so forth down to rank 9 for the item 
eliciting the least number. The mean ranks of the isolated and control 
items in the high and low lists are presented in Table 2. The main isola- 
tion effect was significant [F(1, 68) = 4.69, p < .05], indicating that the 
mean rank of the isolated item was significantly lower than the rank of 
the same item when it was not isolated. However, the interaction of 
isolation and meaningfulness failed to achieve significance [F(1, 68) = 
106, p < .20], indicating that the effect of isolation on number of 
correct anticipations was consistent at both levels of semantic mean- 


ingfulness, or D4. 


Table 2. Mean rank within list and mean correct anticipations of the isolated 
and control terms for 15 learning trials, Experiment III 


Ranks Correct Anticipations 
Standard Standard 
List Mean deviation Mean deviation 
Low D, (1.85) 
Isolated 5.78 2.40 10.11 3.25 
Control 6.36 2.25 9.50 3.96 
High D, (5.50) 
Isolated 5.61 1.95 11.06 2.76 
Control 7.25 1.82 9.67 2.92 


The mean number of correct anticipations to the isolated fifth item for 
each group is also presented in Table 2. The same general conclusions 
can be reached for this data, namely, that there was a difference in the 
mean number of correct anticipations of isolated as opposed to control 
items, but no interaction between isolation and list meaningfulness. 
However, as Rosen et al. noted (1962), these results are less tenable due 
to the potentially more rapid learning of the high list. 

A two-factor analysis of variance was performed on the total number 
of correct anticipations made by each subject. As might be expected 
(Wallace, 1965), the isolation versus control comparison failed to achieve 
Significance based on this measure [F(1, 68) < 1.00]. However, the high 
Versus low comparison was significant [F (1, 68) = 4.27, p < .05], in- 
dicating that a greater number of correct anticipations was elicited by 


52 KASSCHAU 


the high-D, list. The interaction effect was nonsignificant [F(1, 68 
< 1.00], indicating consistency of the high versus low difference across 
both isolated and control lists. 


DISCUSSION 


Variations in average list D4 produce very apparent differences in the 
ease of learning those lists in a diversity of experimental situations where 
mis held constant. In all the present experiments, high-D, lists were 
learned in fewer trials and with fewer errors than lower-D, lists. In each 
experiment there were, however, some interesting deviations from the 
results of the previous experiments that used m as the primary inde- 
pendent variable. Those deviations are discussed next. 


Experiment I 


The original study by Noble (1952) was not replicated in two respects. 
First, although the overall effect of D, variation was significant and the 
trend of more trials required to learn lower-D, lists was consistent, the 
medium- and high-D, lists did not differ significantly in the total aver- 
age number of trials to reach criterion. It should be noted, however, 
that the average m of the three lists was 7.13, as measured using Noble's 
(1952) technique with only a 30-sec interval per word. In terms of the 
average number of associations, it would seem safe to assume that the 
words used here were of approximately similar meaningfulness to the 
most meaningful words used by Noble (e.g, xrrcuen, m = 9.61, using à 
l-min production interval with more extensive editing of 'acceptable 
responses). Thus, the demonstrated effects of D, variation were over 
and above any effects attributable to a substantial degree of associative 
meaningfulness. 

Second, the heterogeneity of the data composing the treatments-by- 
levels cell means noted by Noble was not obtained. This presumably 
resulted from the relatively similar number of trials required by each 
group to reach criterion. Related to this was the consistency across the 
ability groups’ relative numbers of trials to criterion as a function of Ds- 
Thus, Noble's hypothesis that "slow learners are more sensitive to differ- 
ences in meaningfulness than are relatively faster learners" may be 
limited to differences in associative meaningfulness, since the interaction 
of D, and levels fell far short of significance. 

Noble's general conclusion that difficulty in serial learning is a decreas- 
ing exponential function of a list's m value was also true of its Ds value. 
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Likewise, there was a relatively perfect inverse relationship between the 
mean number of errors and list D,. In sum, the general effectiveness of 
list-D, variations in producing trials-to-criterion variations was well 
demonstrated in serial learning. In those instances that the results failed 
to replicate Noble's, the causes can generally be traced to the high 
average m of the words in the present study. 


Experiment II 


The finding of Cieutat et al. (1958) that variations in response m 
yielded greater differences in performance than similar variations in 
stimulus m was not confirmed for response and stimulus D4. In fact, 
there was a tendency for the reverse to be true. With only minor excep- 
tions (see Figure 3), performance in the group learning the ‘high-high’ 
list (both stimulus and response of high D4) was better than that in the 
group learning the ‘high-low’ list, which was better than the group 
learning the ‘low-high’ list, which in turn was better than the group 
learning the ‘low-low’ list. This order of performance is more consistent 
with Paivio's (1968) observation that the superior effect of response m 
has been obtained only with nonsense words as low-m items and that 
m may be more potent on the stimulus side when varied entirely among 
familiar words. The present results extend this hypothesis to variations 
of D, among familiar words. Although the present words were originally 
selected without respect to imagery (Kasschau, 1970; Paivio, 1968), an 
after-the-fact analysis of those words for their imagery ratings by Spreen 
and Schulz (1966) or by Paivio, Yuille, and Madigan (1968) indicated 
that both the low- and high-D, word lists had average imagery ratings of 
5.2-5.7 on a seven-point scale where 7 indicates maximum concreteness. 
In other words, imagery apparently did not vary significantly in the lists 
of Experiment IT. 


Experiment III 


The primary difference between the results of the present study on 
D, and those obtained by Rosen et al. (1962) on m was that the isolation 
effect was significant at both levels of D4, rather than only with low-D, 
materials. As a result,the expected interaction between isolation versus 
control lists and high- versus low-D, lists was not obtained. 

Winograd's ( 1966) work, which demonstrated the apparently greater 
distinctiveness of high-D, items, had led to the expectation that the in- 
teraction would be significant. A possible explanation for the obtained 
results is contained in Kasschau and Pollios comment (1967) on the 
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initial superiority of associative over semantic relations in mediating re- 
sponse transfer. Their suggestion was that subjects have at least two dif- 
ferent types of word relations available, associative and semantic. Where 
only the semantic-similarity relation is available, words do not as rapidly 
benefit as they would from an associative-similarity relation; the sub- 
jects need more time to avail themselves of the semantic relationships. 
If this is so, the consistency of the significance of the isolation effect 
might have resulted from the lack of differentiation of the words com- 
posing the high-D, list, especially during the initial learning trials. 

In conclusion, it can be said that with associative meaningfulness (m) 
held constant, variations in semantic meaningfulness (Di) produced 
changes in performance consistent with the changes produced by similar 
variations in associative meaningfulness. The D, measure does, in fact, 
appear to measure an aspect of meaningfulness not detected by m, an 
aspect which influences performance even at relatively high levels of m. 


Notes 


The research reported was performed pursuant to a grant with the Office of 
Education, U. S. Department of Health, Education, and Welfare. The as- 
sistance of Carol Ann Moore (Experiment I), John Shen (Experiment IT), 
and James Kempson (Experiment III) in collecting and analyzing the data is 
gratefully acknowledged. Received for publication December 14, 1970. 
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OVERT/COVERT PRONUNCIATION 
AND REHEARSAL IN 
VERBAL-DISCRIMINATION LEARNING 


Lawrence E. Cole and N. Jack Kanak 
University of Oklahoma 


An iment on the effects of overt versus covert rehearsal and pronuncia- 
tion of the correct response. Neither variable influenced the rate or difficulty 
of verbal-discrimination learning, but overt pronunciation facilitated the free 
recall of ‘correct’ items whereas covert pronunciation plus overt rehearsal pro- 
duced inferior free recall of ‘incorrect’ items. 


The frequency theory of verbal-discrimination learning holds that 
subjects discriminate the right item from the wrong item of a pair on the 
basis of the differential subjective experience of the frequency of the 
two items (Ekstrand, Wallace, and Underwood, 1966). Ekstrand et al. 
assumed, as a working hypothesis, that qualitative differences do not 
exist in the sources of frequency units (that is, in representational re- 
sponses, pronunciational responses, or rehearsals of the correct re- 
Sponses) with regard to their contribution to the differential-frequency 
Cue. The present study explored the additional assumption, implicit in 
the literature, that differences do not exist in the saliency of a frequency 
unit as a function of whether the subject’s mode of response for a pro- 
nunciation or a rehearsal response is covert or overt. 

In the typical anticipation method, the subject indicates his selection 
during the anticipation interval by pronouncing aloud the item he has 
chosen. In the feedback interval, the pair reappears with the correct 
item underlined. Frequency theory assumes that the subject then cov- 
ertly rehearses this right item at least once during the feedback inter- 
val Some studies (Ekstrand et al, 1966), however, have used a pro- 
cedure whereby the overt pronunciation is eliminated; others (Kausler 
and Sardello, 1967) have required an overt rehearsal. Whether a covert 
pronunciation results in the same increment to the frequency cue as an 
Overt one, and whether a covert rehearsal equals an overt one, has not 

een determined. The present study was directed toward these ques- 
tions as well to the matter of whether overt/covert pronunciations pro- 
duce the same effects as overt/covert rehearsals. A free-recall measure 
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was administered following acquisition to test whether availability of 
wrong and right items is affected by the mode of response for pronuncia- 
tion and rehearsal responses. 
In one condition (group O-C), the standard procedures used with the 
anticipation method were employed such that the pronunciation was 
overt and the rehearsal was assumed to occur at least once in a covert 
manner. A second condition (group C-C) required the subject to indi- 
cate his choice of the correct item by calling out Teft' or ‘right.’ It was as- 
sumed that in this procedure he would covertly pronounce the item prior 
to indicating its spatial position. A third condition (group O-O) involved 
overt pronunciation and overt rehearsal. Each subject here was asked 
to pronounce the correct item aloud once during the feedback interval. 
Finally, group C-O was produced by requiring the subject to make a 
spatial-position response in the anticipation interval and an overt re- 
hearsal during the feedback interval. 


METHOD 


—Subjects—The 48 subjects were volunteers from introductory psychology 
classes at the University of Oklahoma; they received extra credit for partici- 
pation. Each was randomly assigned to one of the four treatment conditions 
(N = 12) upon appearance at the laboratory, within the restriction that the 
number of subjects in any treatment condition at no time exceed that in any 
other condition by more than one. 


—Materials—The list consisted of 15 pairs of associatively unrelated words 
selected from the Palermo-Jenkins (1964) norms. The right (correct) and 
wrong items and their specific pairings for list A were randomly determined. 
List B was a random re-pairing of list A within the restriction that no list A 
pairings be retained. Two additional lists (C and D) were created by re- 
versing the item functions in lists A and B respectively. The four list varia- 
tions were employed to control for differential ease in selecting the correct 
items, to minimize idiosyncratic associations, and to increase the generality of 
the findings. The use of the four lists was counterbalanced across subjects 
within each treatment condition. Four random orders of presentation am 

unsystematic variation of spatial position of wrong and right items within 
ec serial random order were employed to minimize serial- and spatial-posi- 

ion cues. 


—Procedure—The verbal-discrimination list was presented via a Lafayette 
memory drum at a 2:2-sec exposure rate with a 4-sec intertrial interval. Sev- 
eral examples of nonexperimental pairs were presented to ensure the subjects" 
comprehension of the instructions in each treatment condition. 

The subjects were instructed to guess on the initial test trial. Practice was 
carried to one perfect trial, after which the free-recall task was administerec- 
Here the subject was presented a sheet of paper with 30 lines (vertically 
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arranged, to discourage intrapair associative-recall strategies) and was in- 
structed to write as many items as he could recall regardless of item function 
or order. 


RESULTS AND DISCUSSION 


Preliminary analyses of the numbers of trials to criterion and of total 
errors to criterion indicated that the four list variants were not signifi- 
cantly different in degree of difficulty (all ps > 20). The list factor was 
therefore omitted in all subsequent analyses. 

The analyses of variance of trials to criterion (grand X = 7.19) and of 
total errors to criterion (grand X = 24.80) revealed no significant effects 
for either the mode of pronunciation or rehearsal or for the interactions 
(F typically less than 1.00). The means and standard deviations, respec- 
tively, for trials to criterion were 5.75 and 2.09 for group C-O, 7.42 and 
3.47 for group O-O, 7.75 and 3.08 for group C-C, and 7.83 and 3.71 for 
group O-C. These results suggest that the mode of producing pronuncia- 
tions or rehearsals has no differential effect on the saliency of the fre- 
quency cue. 

In the free-recall task the means and standard deviations for wrong- 
item recall were 2.58 and 1.38 for group C-O, 5.58 and 2.97 for group 
C-C, 6.50 and 2.31 for group O-O, and 6.75 and 2.30 for group O-C, 
while the comparable values for right-item recall were 8.33 and 1.87 
for group C-C, 8.67 and 2.06 for group C-O, 10.42 and 1.93 for group 
O-O, and 10.42 and 1.83 for group O-C. 

A similar analysis of variance that included as a third factor the within- 
subject variable of type of item (wrong or right) recalled was performed 
to examine the possible influence of covert/overt pronunciations and 
rehearsals on free recall. The mode of the pronunciational frequency unit 
was significant [F(1,44) = 21.18, p < .005], with superior recall when 
the pronunciation was overt. The effect for mode of the rehearsal was 
nonsignificant (p > .20). The effect for type of item recalled was highly 
significant [F(1,44) = 118.20], but the interaction of mode of rehearsal 
and type of item was also significant [F(1,44) = 5.63, p < .025], as was 
the second-order interaction [F(1,44) = 4.16, p < .05]. Because of the 
second-order interaction, group differences in wrong- versus right-item 
recall were examined through separate analyses of variance for each 
a of item with the modes of the pronunciations and rehearsals as main 

ctors. 

For wrong-item recall both main effects were significant, with superior 
recall in each case for overt responding. However, in addition, the inter- 


60 COLE AND KANAK 


action of mode of pronunciation and mode of rehearsal was significant 
[F(1,44) = 4.25, p « .05]. In the statistical analysis of the interaction, 
group C-O was significantly inferior to each of the other conditions. 
Apparently a covert pronunciation combined with an overt rehearsal 
results in the subject's directing his attention during the feedback inter- 
val to the correct item at the expense of the wrong one. The ‘left’ or 
‘tight’ verbal response used to ensure a covert pronunciation may effec- 
tively prevent the subject from encoding the wrong item, thus making it 
more difficult to retrieve. Although group C-O required fewest trials to 
criterion (X — 5.75), the overall effects of either mode variable on ac- 
quisition were nonsignificant. 

In the comparable analysis of right-item recall, the mode of pronuncia- 
tion was significant [F(1,44) = 11.88, p < .005], with overt pronuncia- 
tions also resulting in substantially greater availability of right (correct) 
items, In contrast to the effects observed in wrong-item recall, neither 
the mode of rehearsal nor the interaction of modes of pronunciation and 
rehearsal was significant in right-item recall (Fs < 1). Thus the mode of 
pronunciation had a pronounced effect upon the availability of these 
correct items independent of the mode of rehearsal. Perhaps the manipu- 
lation designed to produce covert pronunciations suppressed the accrual 
of right-item availability. At least, (a) overt rehearsal failed to produce 
such facilitation and (b) the level of right-item free recall (approximately 
50%) in the covert-pronunciation conditions was substantially below the 
70%-75% level typically found in other studies using the usual covert- 
ar procedure with similar materials (Fulkerson and Kausler, 

While the present results suggest that covert and overt pronuncia- 
tional responses and rehearsals of the correct responses have compara- 
ble effects on acquisition in verbal discrimination, the generality of this 
conclusion should be demonstrated with other methods of producing 
covert pronunciation. An improvement on the design of the present 
study might employ an identical manipulation for both covert pronunci- 
ations and rehearsals. 


Notes 


The authors thank Fred Landman for collecting the data, and John McCullers 
for his critical reading of an earlier version of the manuscript. Requests for 
reprints should be addressed to the first author, now at the Department of 
Psychology, Arkansas Polytechnic College, Russellville, Arkansas 72801. Re- 
ceived for publication January 4, 1971. 
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SUBVOCALIZATION OF HEARD OR SEEN WORDS 
PRIOR TO SPOKEN OR WRITTEN RECALL 


] 


John L. Locke and Fred S. Fehr 
Children's Research Center, Champaign, Illinois 


As 24 adults tried to recall words lists presented visually (‘see’) or aurally 
(hear) with oral (‘say’) or written (‘hear’) responses, EMG recordings meas- 
ured covert phonetic activity on recorded labial and nonlabial phonemes. 
During stimulus presentation, subvocalization occurred only in conditions 
‘see-say’ and ‘hear-write,’ which required translating the stimuli into a differ- 


ent mode and code for response. During recall rehearsal, it occurred in all 
four conditions. 


The role of so-called subvocal speech in thinking, learning, and read- 
ing has been the subject of numerous studies in the last century (see 
reviews in Edfeldt, 1960; Locke, 1970; McGuigan, 1970). Surprisingly, 
very few of these investigations asked whether subvocal speech actually 
is a covert form of overt (communicative) speech, and none were able to 
establish that it is (Locke and Fehr, 19702). 

Recently, however, a series of experiments (Locke and Fehr, 1970, 
1970b; Goldstein, Locke, and Fehr, 1972; Locke, 1971) presented sub- 
jects with phonemically classed materials while recording the electro- 
myographic (EMG) potentials arising from vocal-tract sites sensitive to 
the covert processing of these classes. Specifically, the visual stimuli had 
labels or pronunciations that did or did not require the articulation of 
labial phonemes [p, b, m, w, f, v]; surface electrodes at the chin and 
lower lip reflected the relative activity of labial musculature. The gen- 
eral finding was that when subjects were rehearsing labial items, their 
EMG tracings were greater in amplitude than when they were process- 
ing nonlabial items. As a result of this work, it now appears that subvo- 
calization is a covert form of speech, occurs in children and adults, is 
elicited by orthographic and pictorial stimuli, and accompanies both the 
Prerecall processing of isolated words and the silent reading of con- 
nected language." However, several questions that arose during the con- 
, duct of these studies remain to be answered. 

The degree of children’s phonetic coding activity during item presen- 
tation has been observed to be nearly identical for pictures and printed 
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words (Goldstein et al., 1972). Both forms of nonphonetic stimuli were 
converted into phonetic terms in their prerecall processing. Were the 
stimuli covertly articulated for the purpose of recoding them into pho- 
netic features, which might be more resistant to decay or interference 
than nonphonetic cues? Or were they subvocally rehearsed primarily to 
maintain them in immediate memory, with speech serving simply as an 
accessible repertoire of repeatable motor-acoustic units? Presumably, 
such a distinction could be made by presenting subjects with phonctic 
and nonphonetic stimuli, intramodal if possible. 

Covert phonetic activity is not quite as vigorous during the presenta- 
tion of visual stimuli as it is during a subsequent delay, or rehearsal, 
period preceding oral recall (Locke and Fehr, 1970b). Is this increase in 
phonetic processing attributable mostly to the disappearance of the 
stimuli and the subject's attendant struggle to keep them in immediate 
memory? Or is at least some of this subvocalization an anticipation and 
practice of the oral response itself? 

This paper reports an experiment designed to identify the more likely 
reasons for phonetic coding activity. Essentially, it involved the analysis 
of EMG-recorded covert phonetic behavior during the presentation of 
phonetic and nonphonetic stimuli and immediately prior to their orally 
or graphically registered recall. 


METHOD 


—Subjects—The 24 adults, between the ages of 15 and 51, served on a volun- 
tary basis. All were naive to the experimental purpose. Educational back- 
ground varied from partial completion of high school to completion of a 
master's degree. 


—Stimuli—The stimuli were eight lists of five words whose pronunciation 
requires the articulation of labial phonemes and eight lists of five words whose 
pronunciation contains no A cipes requiring labial articulation. ]tems were 
matched across lists for syllable length and written frequency (Thorndike and 
Lorge, 1944). Most of the words were monosyllabic and concrete, and all but 
1596 were A or AA according to the frequency count. Items appeared on 35- 
mm slides in uppercase type. Two labial lists and two nonlabial lists were 
randomly assigned to each of four subsets of 20 words. 


—Procedure—The subjects were told they were in an experiment on the 
place of learning, and they were seated individually approximately 10 ft 
rom a slide screen and 3 ft from a loudspeaker (Sony TC-124). A response 
sheet was placed'on a lapboard, and the microphone of an intercom system 
was situated directly behind each subject's head. The subjects were instructed 
to observe and recall, in sequence, lists of familiar words. They were also 
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told of the two stimulus-presentation conditions and the two mse modes, 

so that they knew whether they would see words and cally (veo or 
ically (‘see-write’) recall, or would hear words and orally (‘hear-say’) or 

graphically (hear-write’) respond. Each subject was in all four conditions. 

Each experimental condition contained two labial (L) lists, two nonlabial 
(N) lists, and two control (C) lists in which the subject either saw five flashing 
lights (blank slides) or heard five sounds (500-Hz pulses), both of which cor- 

in distribution and duration to the verbal stimuli. Half the subj 
got the lists in a N L C N L C order; the other 12 subjects had a LN CL N C 
sequence. 

The exposure time of aural stimuli, presented at a comfortable listening 
level via cassette tape recorder and speaker (Sony TC-124), ranged from 
180 to 680 msec (X = 418) with interstimulus intervals of 600 to 1,120 msec 
(X = 864), Visual stimuli, presented by an automated slide projector (Kodak 
Carousel AV-900), ranged bon 400 to 480 msec (X — 456) with 780- to 820- 
msec interstimulus intervals (X — 803). 

Each series of five stimuli (presentation period) was followed by a 10-sec 
delay period (rehearsal period) in which the subjects were to await the op- 

ity to recall. In both ‘see’ conditions the signal to respond was a red 
t for 10 sec. In the ‘hear’ conditions, the subjects were cued by a 125-Hz 
continuous tone of the same delayed onset and duration. They were to 
only when the light or tone was on. The recall period was followed by a 
20-sec period in which the subjects simply awaited the next presentation 
period, an interval included to permit a sation in residual oral tension after 
oral recall. In the control condition, the subjects were to write or say “I 
heard five beeping sounds” or “I saw five flashing lights” while the signal 
tone or light was on. Primarily, however, the purpose of the control condition 
Was to test a hypothesis associated with an unrelated co-occurrin| study; 
3 p work has shown control values to be less than labial and 
nonlabial tracings (Locke and Fehr, 19703) and has suggested that it is 
appropriate to consider the nonlabial condition as a control above which labial 
En must rise if oral activity is phonetic in nature. Lastly, one of the 24 
ible sequences of the four conditions was assigned to a subject, and the 
subsets of 20 words (4 lists X 5 items) were used in each condition six 
limes, removing the possible problem of variable list difficulty. 

Before testing, two surface electrodes were attached to the chin and in- 
ferior surface of the lower lip of each subject. This placement has been found 
in previous work (Locke and Fehr, 1970a, 1970b; Goldstein et al., 1972; 

e, 1971) to be sensitive to surface tension in the region of the lower lip 
and to distinguish labial from nonlabial activity, thereby indicating the 
presence of subvocalization on the labial phonemes in the pee design. 
Additional leads were placed on the left ankle, two fingers of the left hand, 
and below the right temple as part of a separate experiment and to reduce 

he subject's attention to the chin-lip placement and any subsequent deduc- 

tion that the experiment was related to speech. The Grass 7 polygraph (7P3A 
Preamplifier and integrator and filters) that recorded EMG activity, the slide 
Projector, and the tape recorder were all in a control booth. The subjects were 
reinstructed over the intercom at the completion of each experimental condi- 
tion. Test time was approximately 30 min. 
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RESULTS 


Analysis was begun by identifying the single greatest tracing peak 
within each subject's presentation and rehearsal periods for labial, non- 
labial, and control stimuli in all lists of the four conditions. These were 
statistically analyzed to determine whether the labial peaks were sig- 
nificantly greater than the nonlabial ones by a priori t tests (after Winer, 
1962, p. 85). In all cases, both labial and nonlabial presentation-period 
values also significantly (p < .05) exceeded control peaks. Table 1 shows 
that labial-nonlabial discrepancies during the presentation period were 
significant for the 'see-say' and ‘hear-write’ conditions, and for all four 
conditions during the rehearsal period—subvocalization did occur, as 
the t values show. 


Table 1. Mean EMG peak values in microvolts for labial and nonlabial trac- 
ings taken during presentation and rehearsal of words in the ‘see-say’ (S-S), 
‘see-write’ (S-W), ‘hear-say’ (H-S), and ‘hear-write’ (H-W) conditions. 


Presentation Rehearsal 
SS SW HS H-W SS. SW HS HW 
Labial 549 47.0 404 40.1 552 464 49.3 42.2 
Nonlabial 43.2 42.7 41.9 35.5 426 368 41.3 348 
p» .601  .66t  .73t .88t .69t  .87t .79}  .84i 
t 2.86} 1.10 55  2.10° 340t 3.73} 2.63: 2.607 


*p«.05. tp<.0l tp<.001. 


In order to preserve the labial-nonlabial relationships in these data. 
between-condition analyses used labial-to-nonlabial, or L/N, ratios (as 
in Goldstein et al., 1972), where entries greater than 1.0 are considered 
suggestive of phonetic activity. A one-way analysis of variance was com- 
puted on these ratios for presentation and rehearsal periods. A signifi- 
cant F was found for presentation [F(3, 92) = 3.16; p < .01] but not for 
rehearsal [F(3, 92) = 0.56; p > .05] periods. Subsequent tests of simple 
effects among presentation data (as described by Ferguson, 1966, p. 296) 
showed that the ‘see-say’ ratio mean (L/N = 1.44) significantly ex 
ceeded that for ‘see-write’ [L/N = 1.13; t = 2.21; p, < .05] and ‘hear 
say’ [L/N = 1.00; t = 3.08; p < .01] but not ‘hear-write’ [L/N = 1.20; 
t = 1.65; p > .05] conditions. The superiority of these ‘hear-write’ over 
‘hear-say’ values approached significance [t = 1.39; p < .20]. Analyses 
of differences between the presentation and rehearsal data were not 
conducted because visual inspection showed the ratio discrepancies to. 
be of negligible magnitude ('see-say; —.11; ‘see-write,’ .14; “hear-say, 
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«18; ‘hear-write,’ .00). Recall scores for all conditions exceeded a mean 
of 4.5/5 items in a list and did not differ significantly. 


DISCUSSION 


The data, particularly those on stimulus presentation, lend themselves 
to several interpretations. In stimulus presentation, the only substantial 
evidence of phonetic coding activity was in conditions where process- 
ing was required to cross a mode and code (in condition 'see-say,' with 
visual-oral modes and orthographic-phonetic codes, and in condition 
‘hear-write, with aural-visual modes and phonetic-orthographic codes). 
In conditions where no crossing of mode and code was required (in 
condition ‘see-write, with visual-visual modes and orthographic-ortho- 
graphic codes, and in condition ‘hear-say, with aural-oral modes and 

) phonetic-phonetic codes), there was no evidence of phonetic activity 
during stimulus presentation, 

Since rehearsal in all conditions was probably phonetic in nature 
(Locke and Fehr, 19702), the greater amount of phonetic coding in the 
‘see-say’ than in the ‘see-write’ condition during stimulus presentation 
may have been due to the subjects’ knowledge of the mode in which the 
Tesponses were to be made. The greater phonetic activity in the ‘see- 
say’ than in the ‘hear-write’ condition (see the t values in Table 1) may 
also have been attributable to such a preparatory recruitment of vocal- 
tract musculature, but there also may well have been some covert pho- 
netic activity associated with the recoding of orthographic stimulus 
sequences. That is, even when subjects are engaged in silent reading, 
they show greater labial than nonlabial tracings (Locke, 1971), a show- 
ing thought by some investigators to be a residual artifact of earlier 
phonics training (Goldstein et al., 1972) in which printed words are 
recoded into their meaningful phonological correlates. The tendency of 
‘hear-write’ values to exceed those obtained under the ‘hear-say’ condi- 
tions Seems to underscore the apparent significance of stimulus recod- 
ing. It might also be observed that the fact that neither ‘say’ condition 
increased significantly as the response period approached does not pro- 
vide support for the anticipation hypothesis. . 

Without visual-phonetic stimulus and response modes—that is, with- 

. Out presenting phonetically transcribed material and without requiring 
transcription into phonetic symbols in responding—it was not possible 
to achieve symmetry in the experimental design and keep mode and 
code separated. If the stimulus was visual, it was nonphonetic; if a non- 
oral Tesponse was required, it was of necessity nonphonetic too. But 
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phonetic symbols were purposely avoided, since they probably would 
have elicited unusually high levels of subvocal activity (even in pho- 
neticians), a common finding when subjects are presented with a rela- 
tively unfamiliar code (Edfeldt, 1960). 

In sum, the most interesting finding was that subjects subvocalized 
more in the presentation periods of the 'see-say' and ‘hear-write’ than 
‘see-write’ and ‘hear-say’ conditions, which seems to suggest stimulus 
recoding during stimulus exposure. It also suggests that the mode and 
code of the stimulus and the response are not nearly as evocative of 
covert phonetic activity as is the translation of mode and code from 
stimulus to response. 


Notes 


This paper was supported by Public Health Research Grant MH07346 from 
the National Institute of Mental Health. Revision received for publication 
April 28, 1971. 

1. An analogous form of behavior is displayed by deaf children who 
rehearse orthographic stimuli dactylically (using Rigeepelling gestures) and 
show dactylic mediation effects in recall from short-term memory (Locke and 
Locke, 1971). : 
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Anticipation and feedback intervals were factorially lengthened or shortened 
over trials so that all groups had the same total learning time. The perform- 
ance of those groups at the end of that time was equivalent, thus generally 
confirming the total-time hypothesis. Displaced rehearsal and learning to 
learn are discussed as possible factors in the results. Item recall and associa- 
tive matching seemed most affected by temporal variation early in learning. 


The total-time hypothesis is that the total amount of time required to 
master a set of materials remains invariant across differences in rate of 
presentation—that although the number of trials to criterion may vary 

een groups with different presentation rates, the time per item 
multiplied by the number of trials generally produces a comparable fig- 
ure in all groups. A recent review suggested that the hypothesis holds 
Provided the task involves no more than rehearsal (Cooper and Pantle, 
1967). It also noted that variation of the stimulus duration (anticipation 
in paired associates) frequently contradicts the hypothesis, whereas 
Variation of the feedback interval is less likely to produce a difference 
in total time, 

The present experiment was a test of the total-time hypothesis in ver- 

al-discrimination learning. This learning situation involves presenting a 
Series of word pairs to the subject and requiring him to learn which 
member of each pair has been designated as right (R-term). A current 
explanation assumes that the recognition of R-terms involves a differ- 
ence in the subjective frequency of experience for R-terms relative to 
the wrong members (W-terms) in each pair (Ekstrand, Wallace, and 
Underwood, 1966). The theory assumes that the subject's rehearsal of R- 
terms during feedback eventually provides him with a functional cue to 

inguish R-terms from W-terms. Since the R-term has been more 
frequently experienced due to that rehearsal, the subject need only 
o0se the most frequently experienced word in each pair to respond 
Correctly, 
Cooper and Pantle (1967) did not consider the total-time hypothesis 
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in verbal-discrimination learning as such (only in paired-associate, free- 
recall, and serial learning) but it seems clear that the frequency-theory 
view would satisfy their boundary condition of ‘rehearsal only’ quite 
well, so that the hypothesis should hold in verbal-discrimination learn- 
ing. The frequency-theory emphasis on the subject's rehearsal of the R- 
terms during the feedback interval also implies that longer anticipation 
intervals might produce no benefit in learning (in terms of trials to cri- 
terion) but just take more time, thereby contradicting the total-time 
hypothesis. Although the processes may differ, if the anticipation period 
in verbal-discrimination learning is seen as analogous to the stimulus du- 
ration in paired-associate learning, such a departure from the hypothesis 
would at least be consistent with the other tasks reviewed by Cooper and 
Pantle (1967). However, there should be no discrepancy from the total- 
time hypothesis due to feedback variation, according to the frequency- 
theory prediction, since more time here should lead to fewer trials, as the 
effects of extra rehearsal during the extended feedback durations offset 
those longer intervals. 

The literature on these questions is ambiguous. Some studies have 
varied either the anticipation or feedback intervals (Ingison and 
Ekstrand, 1970; Radtke, McHewitt, and Jacoby, 1970; Skeen, 1970), and 
others have varied both simultaneously (Kanak, 1968), but a complete 
factorial seems desirable (Nodine and Goss, 1969). Farzanegan (1969) 
and Wike and Wike (1970) did use complete factorials: the latter study 
reported no total-time results; the former, that longer anticipation and 
feedback intervals both took more time, with no interaction. Similar ex- 
ceptions to the total-time hypothesis have been found in many of the 
studies that varied only one or the other of the intervals. Since verbal- 
discrimination learning should optimally satisfy the rehearsal-only re- 
quirement, these exceptions indicate the need for further analysis. 

It has been noted elsewhere (Mueller and Slaymaker, 1970) that the 
frequency-theory prediction of the effect of anticipation duration may 
have been oversimplified in the past. While it is true that frequency 
theory places the critical events in the feedback frame (where rchearsal 
initiates the frequency shift to R-terms), the eventual nonrandomness 
of choices should also be taken into account; that is, with rehearsal be- 
coming possible during the anticipation period as the subject acquires 
the discrimination, the importance of the duration of the anticipation 
interval may change over the course of learning. Such displaced covert 
rehearsal has been noted in paired-associate learning (Zacks, 1969), and 
to the extent that it also occurs in verbal-discrimination learning, espe- 
cially during the later anticipation periods, may be involved in the 
discrepancies from the total-time hypothesis. 
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Changing the duration of anticipation and feedback intervals during 
the course of learning (Mueller and Slaymaker, 1970) seemed the appro- 
priate methodology. Briefly, for the same number of trials some subjects 
receive very short periods for anticipation early in learning, the periods 
lengthening over trials; other subjects receive long initial anticipation 
intervals, the intervals shortening over trials. The same manipulations 
are made for feedback duration within each of the two anticipation 
groups. If the terminal duration in the increasing groups is used as the 
starting duration in the decreasing groups, all groups have the same 
amount of time overall, though distributed differently. This method 
offers a test of the total-time hypothesis and of the notions (outlined 
above) about the importance of the anticipation interval in verbal- 
discrimination learning. 


METHOD 


— Design and subjects—The basic design was a 2 x 2 factorial for anticipa- 
tion-interval duration (increasing, decreasing) and feedback-interval duration 
(increasing, decreasing), with one control group outside the factorial. Two 
different list forms were used, the R-terms in one being the W-terms in the 
other, and vice versa; these forms were used equally in all groups. The first 80 
subjects served in partial fulfillment of course requirements in introductory 
psychology and were assigned to the factorial groups in rotation with one 
restriction: since sex has been found to be a factor in verbal-discrimination 
learning (Fulkerson and Johnson, 1971), men and women were equally dis- 
tributed in all groups. The 20 subjects for the control group were then run, 
equally distributed over the list forms by sex. 


—Materials and apparatus—A 20-pair list was used (the control list of 
Ekstrand et al., 1966, p. 572). The pairs were arranged in four different orders 
petis, each of which was used about equally often as the startin; 
order in each group. Each word in all pairs appeared twice on the top 
bottom during the anticipation frame across the orders, and the R-term was 
on the top and bottom for half of the pairs within each order. The two forms 
of e list were presented with a Stowe memory drum by the anticipation 
method. 


— Procedure—With a few exceptions, the procedure was that of Mueller and 
Slaymaker (1970). All subjects were given eight trials on the list, with antici- 

tion and feedback intervals as follows. Group II had both anticipation- and 
eedback-interval durations increasing (lengthening) over trials, group ID had 
the anticipation interval increasing and the feedback interval decreasing 
(shortening), group DI had anticipation decreasing and feedback increasing, 
and group DD had both intervals decreasing over trials. The increases or de- 
creases were made every other trial, so that four durations were used: 1 sec, 
2 sec, 3 sec, and 4 sec, with intertrial intervals of about 10 sec. For example, 
the ID group had a 1:4-sec rate for anticipation and feedback on both trials 
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1 and 2, a 2:3-sec rate on trials 3 and 4, and so on. The control group (CC) 
received constant anticipation and feedback durations for all training trials, 
with 2.5 sec for anticipation and feedback. Thus each group had the same 
amount of time at the end of eight trials, although distributed quite differently. 
The subjects were familiarized with the duration of the intervals by the ex- 
perimenter's demonstrating the shutter operation on a blank part of the tape. 

‘After the last trial, the subjects were given a final test trial, with as much 
time as they desired, to choose the R-term in each pair, but they got no feed- 
back. They were then given two more unpaced tests, one of free recall and the 
other of associative matching, A sheet with 40 lines on it was given to each 
subject and he was told to write down all of the words he could remember in 
any order. No feedback was given. When the free-recall task was completed, 
the subject was given a sheet of with the R-terms in one column and 
the W-terms in another column, and asked to form the appropriate pairs. 


RESULTS 


Total time 


Table 1 shows the means for several measures of acquisition: (a) the 
total number correct over the eight trials, (b) the number correct on the 
final, unpaced trial, (c) the number of pairs learned to a criterion of three 
consecutive errorless trials, and (d) the time used (in seconds) up to the 
criterion run. These measures of performance were analyzed using pro- 
cedures described by Winer (1962) for comparing outside control groups 
- e factorial groups. Except where otherwise noted, all Fs have 1 and 

The measure of time used was the only one of the acquisition measures 
to show a significant difference for either main effect, with long initial 


Table 1. Summary statistics by group 


Group 
Measure II ID DI DD cc 
Total correct 129.0 132.0 129.9 133.5 138.5 
Unpaced correct 19.8 19.7 19.8 19.5 19.8 
Criterion pu 18.3 19.0 18.3 18.8 19.3 
Time use 139.7 178.8 1715 206.0 130.4 
R-term recall 12.1 12.4 13.1 14.1 14.6 
W-term recall 8.7 9.9 10.4 10.7 11.3 
Matching 11.4 14.9 15.5 15.3 14.3 


Note: L D, and C refer to whether the anticipation or feedback frames were 
increasing, decreasing, or constant in duration. Time used is given in seconds. 
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anticipation and feedback intervals (decreasing) producing the greatest 
amount of time [Fs = 3.37 and 5.23, ps < .10 and .05], as if the longer 
intervals at the outset were not being maximally utilized. The interaction 
of anticipation and feedback duration was nonsignificant for all acquisi- 
tion measures (Fs < 1). In general, however, since the measures of 
total correct and of unpaced correct are the most valid measures for the 
test of the total-time hypothesis (as the others are based on points at 
which time has not yet equalized), the hypothesis seems confirmed. 

Considering sex and list form as additional factors in the analysis for 
these measures, however, reveals some interactions with anticipation and 
feedback duration that may qualify the primary data but which must be 
cautiously interpreted due to the smaller cells (N = 5). Women were 
better than men in terms of the number of their criterion pairs and of 
their unpaced correct responses [Fs = 6.69 and 3.78, ps < .05 and .10], 
but there was no difference either for total number correct overall or for 
time used (Fs < 1.83). The interaction of anticipation duration and sex 
for the measures of total correct and time used, however, indicates that 
women performed better than men with increasing anticipation dura- 
tions (short intervals early), while men did somewhat better with the 
decreasing anticipation durations (long intervals early) [Fs = 5.69 and 
5.88, ps < .05]. Other interactions with sex did not reach significance. 

One form of the list was harder in terms of the total correct and time 
used [Fs = 6.10 and 6.15, ps < .05]. List form also interacted with the 
type of feedback arrangement, with the more difficult list acquired slower 
under the increasing arrangement but not under the decreasing ar- 
rangement [Fs = 6.85, 5.39, and 4.48 for total correct, criterion pairs, 
and time used, ps < .05]. This may qualify acceptance of the total-time 
hypothesis, suggesting that the phenomenon is in some way a function 
of the difficulty of the materials, or it may indicate sampling error. How- 
ever, much of this effect involved the difficulty of the one form of the 
list for the first block of two trials, which could indicate a guessing bias 
on the very first trial. Since Fulkerson and Johnson (1971) found that 
guessing on the first trial was inferior to observing with anticipation, we 
tentatively attribute the present effects of that form of the list to a guess- 
ing bias. 

Finally, a comparison of the measures of acquisition for the control 
group (CC) with those for all factorial groups revealed a significant dif- 
ference for total correct and time used [Fs = 7.92 and 5.95, p < 051, 
with the control group better than the mean of the factorial groups. 
Comparing that control group to the individual means for total correct 
indicated that group CC differed from both groups II and DI [ts(95) > 
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2.45, ps < .05]. For time used, group CC differed significantly only 
from group DD [#(95) = 321, p < .01). Group CC was quite compar- 
able to the mean of the factorial groups and the individual groups in 
terms of unpaced correct and criterion pairs. 


Verbal discrimination 

The test of the total-time hypothesis required data on overall per- 
formance, but a test of the possibility of displaced rehearsal requires data 
on the time course of the groups’ acquisition. Figure 1 shows the mean 
number correct by two-trial blocks for all five groups. Adding blocks 


che Average number of correct responses by blocks of two trials for each 


to the factorial design revealed an interaction of anticipation duration 
and blocks, as groups with longer initial anticipation periods performed 
better than the groups with short initial anticipation periods (increas- 
ing) [F(3, 192) = 20.76, p < .001], especially early in learning. Although 
the reversal in the last block is consistent with the possibility of rehearsal 
in anticipation, since the ‘increasing’ groups had the longer intervals at 
that point, the relative performance of group CC indicates a perform- 
ance handicap as the more likely interpretation. In any event, it is clear 
that long feedback intervals early in training did not significantly facili- 
tate learning with either the long or short anticipation intervals. In fact, 
both groups ID and DD had longer feedback periods than group CC 
during blocks 1 and 2, yet failed to perform as well. 
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The longer anticipation intervals at the outset allowed the subjects 
to scan both alternatives more times, with the result that the frequency 
unit added to the R-term during feedback by rehearsal should not pro- 
duce as large a difference with longer intervals: in effect, groups DD 
and DI should have had a 3:2 differential after the first trial, groups II 
and ID a 2:1 differential (see Ekstrand et al., 1966). That prediction is 
not supported in the data, however, as the longer anticipation intervals 
(2.5 and 4 sec) at the outset led to better performance than shorter ones 
(1 sec). It had been expected that longer anticipation intervals late in 
learning would allow displaced rehearsal, but the superiority of longer 
anticipation intervals seemed more general (within the factorial). 

This advantage for longer anticipation periods throughout may be an 
artifact of the anticipation procedure, since the subjects could use the 
immediately following long anticipation period to offset a short feed- 
back frame under the displaced-rehearsal interpretation. However, this 
advantage may also have been due, at least in part, to a performance 
handicap in the short anticipation-duration groups; if so, the handicap 
might be reduced somewhat with learning-to-learn experience. The 
slightly superior performance of group CC may reflect the reduction 
of this performance handicap, or it may be the result of the constancy 
of intervals allowing the subject to covertly displace his rehearsal more 
readily (Nodine, 1969). 


Incidental learning 


Table 1 also contains two supplementary measures taken after the 
training trials. The first measure showed that the free recall of both R- 
and W-terms was better when the early anticipation intervals were long 
(decreasing) [Fs = 4.68 and 3.86, ps < 05 and .10]. That is, long antici- 
pation intervals later did not compensate for short ones early in learn- 
ing. The absence of a feedback effect (Fs < 1.40) suggests that the 
processes involved in the incidental ability to recall pair members 
depend primarily on the early anticipation periods—perhaps on the 
repeated scanning of alternatives before responding. Women again per- 
formed better than men [Fs = 5.51 and 3.45, ps < 05 and .10, for R- 
and W-terms respectively], but with no interactions. 

Another presentation of the results for free recall and a somewhat more 
detailed analysis of this free-recall data is shown in Table 2. Frequency 
theory implies that items that are correctly anticipated receive additional 
frequency units relative to items that are not correctly anticipated— 
receive those units because pronouncing and rehearsal responses both 
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occur. R-terms should generally be more available for recall than W- 
terms, as was found (Table 1), and it might also be expected that the 
R-term members of pairs that were frequently correct would be more 
available for recall than the R-term members of pairs that were less 
often anticipated correctly. These pairs will typically differ across sub- 
jects, of course, but the expectation of a gradient does not depend on 
commonality. 

Since the trends were comparable, the groups were pooled, and the 
results for all 100 subjects are shown in Table 2. Pairs were categorized 
as a function of the number of times the pair was correct during acqui- 
sition. The probability of recall was computed by dividing the number 
of times the R- or W-term was in fact recalled by the number of pairs 
in that particular category (possible recalls). 


Table 2. Probability of recall of R- and W-terms 
as a function of the number of times a pair was 
correct during acquisition 


Times correct R-term W-term 
2 .64 .60 
3 .70 65 
4 65 61 
5 65 50 
6 .66 54 
7 66 .51 
8 .69 45 


Starting with pairs that were correct at least twice (to get adequate 
representation in the category), no systematic trend appeared for the 
R-terms, but the W-terms seemed somewhat less likely to be recalled 
the more times the pair was correct. If this indicates that the subject 
spends increasingly more time attending to R-terms when he is correct, 
then this decline for W-terms is consistent with frequency theory. The 
absence of an increase for R-terms is puzzling, but perhaps this would 
have appeared with further practice, though most subjects were ap- 
proaching list criterion after eight trials, 

The last row in Table 1 concerns another incidental measure, associa- 
tive matching, taken to assess the extent to which the contiguity between 
R- and W-terms produced an incidental association. There was a reliable 
advantage for longer anticipation intervals early (decreasing) and, to a 
lesser extent, for long feedback intervals early as well [Fs = 5.22 and 
2.67, ps < .05 and .15]. The interaction of anticipation and feedback 
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was marginally significant [F = 3.36, p < .10], as the feedback effect 
was limited to the short initial anticipation periods. As with the other 
incidental measure (recall), it appears that long anticipation intervals 
occurring late in training did not encourage the development of associa- 
tion as did long anticipation intervals early in training. Since group II 
generally compared favorably to the other groups, these results seem- 
ingly cannot be attributed to differences in the degree of learning, There- 
fore, the recall and matching results both seem to indicate that incidental 
processes depend primarily on the early stages of verbal-discrimination 
learning. 


DISCUSSION 


The present findings for verbal-discrimination learning seem largely in 
accord with the total-time hypothesis. The two basic measures, total 
correct and the number correct on the unpaced trial, failed to reveal 
any simple effects due to anticipation or feedback variation, although 
there were interactions, with sex and list form, that are difficult to 
interpret. The superior acquisition of a control group given constant 
time intervals throughout seems best attributed to a performance fac- 
tor, especially since this group performed no better than the others on 
the unpaced test, the latter presumably eliminating any performance 
handicap, but it may also have been easier for the subjects in this group 
to displace their rehearsal (Nodine, 1969). This slight superiority was 
also found in a previous study (Mueller and Slaymaker, 1970). Thus the 
total-time hypothesis seems confirmed, since all experimental groups 
performed comparably at the end (to indicate that the same amount had 
been learned). 

There is a consideration that might somewhat qualify this conclusion. 
That is, since many subjects were approaching asymptotic performance, 
time used may somewhat reflect time to learning, as in trials-to-criterion 
tests. That seems rather tenuous, however, since not all subjects had 
reached list criterion, so a tentative acceptance of the hypothesis as con- 
firmed seems more warranted. 

As measures of acquisition performance in general, criterion pairs and 
time used seem quite acceptable, and should provide information about 
the time course of learning. Here, time used showed differences for 
both anticipation and feedback durations, with short early intervals 
eventually leading to less time, as if the long early intervals were largely 
‘wasted’ instead of providing the intuitively expected advantage. That 
longer early anticipation intervals led to more time used seems best in- 
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terpreted as due to a performance factor, while the failure to utilize 
longer feedback frames early in training seems better attributed to a 
learning-to-learn problem. Prior practice on an unrelated verbal-dis- 
crimination task should overcome the latter and might also reduce the 
former problem. To some extent, the absence of a learning-to-learn con- 
founding is implicit in the Cooper and Pantle (1967) ‘rehearsal only 
condition, but perhaps this source of confounding should be made ex- 
plicit, since it could be involved in the past failures to confirm the total- 
time hypothesis in verbal-discrimination learning. 

Those discrepancies from the hypothesis could also indicate that 
something other than the mere rehearsal of the R-term is occurring—the 
utilization of an association between the R- and W-term, for example, 
though that is quite speculative. The present matching data suggest that 
any such association was hindered when the early intervals were short. 
but since there was no significant difference in final performance levels, 
any causal influence from the association seems unlikely, although the 
same terminal level could have been reached in quite different ways. 
Obviously, the problem of temporal parameters in verbal-discrimation 
learning is a complex one, and it is only aggravated by any displacement 
of rehearsal to the anticipation frame. 


Notes 


This experiment was supported by Grant USPH 1 R03 18690-01 from the 
National Institute of Mental Health, Received for publication March 8, 1971. 
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PROBABILITY LEARNING: 
CONTINGENT-EVENT SCHEDULES WITH LAGS 


Richard B. Millward and Arthur S. Reber 
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A contingent-event schedule with lag L is defined so that P(Eyn4r\E¢n) = 
jj % 7, the marginal E; event probability. The 16 subjects were run at L — 1, 
3, 5, and 7 over four days, with 7 at either .50 or .75 throughout and with both 


perseverence and alternation sequences given each day. The effect of (ie., 
memory for) the contingent event decreased with lag: at L = 1, P(Ayn +21 
E;n) was slightly over 7, and at L = 7 it was very near 7. The subjects also 
responded to the frequency and pattern of noncontingent events in the se- 
quences. 


The importance of memory for the immediately preceding sequence of 
events has been a recurrent theme in the two-choice prediction experi- 
ment. The degree to which subjects attend to preceding events, the 
manner in which they process the information contained in the event 
sequence, and the role that the past events play in determining pre- 
diction responses are all issues of considerable theoretical importance. 

There have been three basic ways to investigate the dependency be- 
tween preceding events and prediction responses. The simplest and 
most indirect is statistical, as in the analyses of event patterns and re- 
cency curves (changes in response proportions as a function of the length 
of event runs). A second approach is to measure directly the subjects’ 
memory for past events. A third approach is to incorporate dependencies 
directly into the event sequence itself and to measure the degree to 
which the subjects’ response probabilities reflect those dependencies. 
Each method has implications for the theory of probability learning, as 
a brief review will show. 

For example, the event-response contingencies revealed through the 
more general statistical analyses had considerable impact on the theories 
based on linear operators (Estes, 1959) and on Markov chain models 
(Myers and Atkinson, 1964). These models determine the event-response 
dependency by the effect the event sequence has on the state of con- 
ditioning. For linear operators, the state is the probability of an A; re- 
sponse on a given trial; for Markov chains, it is one of the states defined 
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by the Markov chain itself. The important point is that, given the state, 
the particular sequence of events that led to it does not influence the 
theoretical response probability. As Bush and Mostellar (1955) noted, 
such theories meet the independence-of-path assumption. But these 
models are basically memoryless, and the lack of a monotonic recency 
function is ample evidence against them (Anderson, 1960, 1964; Nicks, 
1959). 

An offshoot of the statistical method was the attempt to redefine the 
stimulus as a function of the past sequence of events. The definition most 
often assumed was that the subjects encode runs of events (Gambino and 
Myers, 1967; Restle, 1961, 1966; Rose and Vitz, 1966; Vitz and Todd, 
1967), although other investigators (Anderson, 1964; Friedman, Carter- 
ette, and Anderson, 1968) emphasized the encoding of alternation of 
events or, more generally, assumed an encoding scheme that allows for 
all event patterns back five trials as stimuli (Feldman and Hanna, 1966). 
The theoretical questions raised by these approaches are what aspect of 
the past sequence acts as a stimulus, and how the stimulus-as-coded and 
the response are related. There has not yet been a theoretical redefini- 
tion of the stimulus that also handles most of the results observed in 
simple noncontingent probability learning. 

The second general approach has been characterized by the attempt 
to directly measure memory for past events. Several studies (Millward 
and Reber, 1968; Reber and Millward, 1965; Vitz and Hazan, 1969) have 
asked subjects to recall directly some aspect of the past sequence of 
events. The results indicated good recall back at least five trials and bet- 
ter than chance recall back even further (perhaps as many as 14 trials). 
The important role that runs play in determining memory for past events 
was also illustrated (Millward and Reber, 1968) by the finding that 
memory decreased more rapidly as a function of event changes than as 
a function of trials. The same study also found that when subjects 
guessed about past events, they had a response bias that matched the 
event probabilities, So although the direct-measurement method has not 
been used to test theoretical developments, its results indicate that any 
new theory of probability learning will have to incorporate memory for 
past events and to maintain something approximating the matching rule. 

The final approach has been to evaluate memory effects in probability 
learning by modifying the statistical structure of the event sequence. By 
varying the contingencies of events over various lags, the influence of 
some past trial can be measured fairly directly. There have been a num- 
ber of studies in which the event sequence was generated by a Markov 
chain. In these studies the P(Ejn41|Ein) = v; is defined so that m11 74 
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T. Anderson (1960) and Engler (1958) found that subjects’ responses 
were related to the contingencies—that is, that the conditional response 
probabilities, P(Ay,.4:|Ei..), i= 1,2, were different. Although the con- 
ditional response probabilities were close to 7, they were generally 
above ma if ma > 5 and below ma if ma < 5. This is an ‘overshooting’ 
on the conditional response probabilities similar to the overshooting typi- 
cally found for the marginal probability, P(A;,,), in probability-learning 
experiments run with simple Bernoulli event sequences. Recently, Strub 
and Erikson (1968) investigated a contingency defined with a lag of two 
trials: P(Ex,n42|Ejn+1, Ein) = mu. In this sequence the Ey,.;2 event is 
independent of the E;,., event but dependent on the E, event. They 
found that response probabilities were influenced by the second-order 
dependencies but that the extent of the influence was determined by 
the degree of the dependency (the value of ma) and by the particular in- 
dependent event on trial n+ 1. They felt that their results were best ex- 
plained by the Gambino and Myers (1967) generalization*of-runs model. 

The present experiment was an extension of the Strub and Erikson 
(1968) study. Instead of defining the event contingencies over only two 
trials, we used lags of 1, 3, 5, and 7 trials. Further, we looked at a case 
where the marginal E, event probability was not .50. All of our subjects 
were highly practiced and all were run under every lag condition. They 
were brought to a stable level of responding by using the observation 
technique introduced by Reber and Millward (1968). Our intention was 
to make the contingency as salient as possible without telling the subjects 
of its presence. Thus, on the first day the contingency was defined with a 
alag of one trial, on the second day the lag was shifted to three trials, on 
the third day to five trials and on the fourth day to seven trials. 


METHOD 


—Subjects—Sixteen junior and senior high school students were each paid 
$12.00 for eight hours of service. They were selected arbitrarily from a pool of 
students who answered an advertisement for subjects. 
—Stimulus sequences—The main independent variable in this experiment 
was the probabilistic contingency between reinforcing events at different 
lags. Two conditional probabilities defined these contingencies for each of 
the four lag (L) conditions of the experiment. The conditional probabilities 
were 

P(Ey,, L| Erti- Ejnpt—+++> Ern) =m and 

P(E n4r|Ernto-io Ejn4b—2 eo Eon) = 721> 
for i, j = 1, 2; L = 1, 3, 5, 7. In order to use these probabilities to define a 
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sequence, the first L trials must be initially defined. This was done by gen- 
erating independent Bernoulli trials using the overall average probability of 
an E, event, 7; where z is defined as 5,/(z15 + 721). Certain characteristics 
of the sequences generated by these conditional probabilities should be em- 
phasized. First, if the lag is L, then all sequences of length L (E,, E, i3, ..., 
E,,.1—1) are independent and have frequencies generated by the average 
event probabilities. For example, when L — 3, then P(E, 4.5, Eo. Ei 
z(1—z)s. If 7 — .5, then all sequences of length L occur with equal fre- 
quencies. On the other hand, the sequences of length greater than L are not 
independent. Thus again, if L = 3, then the sequences of length 4, 5, and 6 
show the dependencies 


P(E n+ Exn+2 E, iEn nct Ein) E;n) =h, 
P(E,, sias Et Epp | Exp Eja i, Ein) = T Tym and 
P(E n45 Ensto E; n+alEr,n+2 Ejn41s E;n) = Mi Tim Tko» 


where l, m, and o = 1,2 and a; = 7 for i = l and 1 — z for i = 2. All longer se- 
quences will always show dependencies. 


—Design—There were two groups of subjects, each group defined by the 
average probability of an E, event: group 1 with z — .50, and group 2 with 
7 =.75. On days 1, 2, 3, and 4 the lags used in defining the event sequence 
were 1, 3, 5, and 7 respectively. We intentionally confounded practice with 
lag because we were primarily interested in what the subjects could do with 
practice and not what their performance might be in a short testing period. 
"There were also two sequences within each group: sequences A and B. These 
were defined by the two conditional probabilities, z,; and «4. Sequence A for 
group 1 had z,, —.8 and mo; = .2; group 2 had 74, = .8 and s, = .6. Se- 
ier B for group 1 had 74, =.2 and 7; = .8; group 2 had 7; —.7 and 
79; =.9. 

On each of the four days, each two-hour session was divided into two one- 
hour periods. Each period consisted of 1,000 observation trials, followed by 
500 prediction trials generated according to a sequence A or B schedule. For 
days 1, 2, 3, and 4 the sequence types were ordered A-B, B-A, A-B, and B-A 
respectively. Thus, each subject received 8,000 observation trials and 4,000 
prediction trials over the four days. All his trials had the same average event 
probability (# = .50 or .75) but varied within each day in the sequence type 
(A or B) and across days in the lag (L — 1, 2, 3, and 4) of the contingency. 


— Procedure—Observation trials are trials on which only events occur. No 
signal is presented and the subject does not predict which event he expects to 
occur. He is just told that he will see a series of events, to observe it, and that 
later he will have to predict the next event in a sequence probabilistically 
identical to the one he saw. In this experiment, the rate of presentation of the 
events on observation trials was two per second. (See Reber and Millward, 
1968, for details of this procedure and its effectiveness as a training pro- 
cedure.) 

i The subjects were read standard probability-learning instructions plus the 
instructions for the observation trials. The 1,000 observation trials took about 
8.3 min. Then there was a short pause to tell the subjects that they were to 
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begin predicting. The 500 additional trials followed. These took about 5 sec 
per trial, or 42 min in all. The subjects were given a break after the first hour, 
before the second hour of running with the other sequence type. Four subjects 
were run at one time, with the same observation and prediction sequences. 
For each group, two subgroups of four subjects were run. 


RESULTS 


Average response proportions 


Since each block of 500 prediction trials was preceded by 1,000 ob- 
servation trials and since the subjects in each group were run with a 
constant average-reinforcement probability, 7, the average response 
proportions should be at a very stable asymptote. Figure 1 presents the 
asymptotic response proportions. They appear quite stable and are simi- 
lar to those found in a number of other experiments (Reber and Mill- 
ward, 1968, 1971). Group 1’s overall average P(Ai) equaled .513, and 
group 2 showed the usual overshooting, with a P(A1) of .787. In order to 
test for the effects of the two sequences and the four lags, an analysis of 
variance with one between-subjects and two within-subject factors was 
run for both groups. The only significant effect for group 1 was the dif- 
ference between sequences [F(1,6) = 13.15, p < .025]. The overall re- 
sponse proportion for sequence A was .525, and for sequence B .500. 
Although this is a small difference, it was consistent across all four lags. 
The reasons for the difference lie in an anomalous difference in the over- 
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Fig. 1. Average response proportions for groups 1 and 2 
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all event frequencies for the two sequences. Sequence A had a propor- 
tion of .54 E, events, while sequence B had .50. 

A similar analysis of variance for group 2 also yielded a single anoma- 
lous marginally significant interaction between the sequence and the lag 
variables [F(3, 98) = 3.29, p < .025]. This could be due to differential 
response probabilities for the two hours of each experimental session. 
The first hour of each session yielded an average response proportion 
across all four days of .78, and the second hour yielded an average of .80. 
Because the analysis of variance was run with A and B sequences as 
separate factors whereas their order had alternated, the interaction re- 
sulted. We have no explanation for a high P(A:) on the first hour of each 
session. 

Figure 2 shows the individual subjects’ response proportions plotted 
in blocks of 500 trials. (Note: the A; response proportions are plotted for 
group 2.) Some subjects seem to have responded systematically high or 
low, but others showed large shifts in their response levels. Since the re- 
sponse proportions were based on 500 trials, each of the eight points 
represents an individual subject’s response proportion for a given con- 
dition of the experiment in this order: lag 1, sequences A, B; lag 3, se- 
quences B, A; lag 5, sequences B, A; lag 7, sequences A, B. The analysis 
of variance failed to show a significant subjects effect and, therefore, the 
following analyses involve data pooled across subjects. 


Memory effects 


Figure 3 presents the P(A; n+z|E;n) as a function of lag, L, for both 
groups 1 and 2. First, note that at L = 1, the conditional response prob- 
abilities were slightly over the conditional event probabilities for 711 = 
Tə = 8, and slightly below the event probabilities m = 7»: = 2 
These results are similar to those previously found with contingent-event 
sequences with one-trial lags (Anderson, 1960; Engler, 1958). The over- 
shooting effect is similar to that found with Bernoulli trials. However, for 
lags of 3, 5, and 7, there was no overshooting effect; instead, the condi- 
tional response probabilities decreased until they approximated the mar- 
ginal event-probability level (z = .5 for group 1, 7 = .75 for group 2). 

The group 1 data revealed the interesting fact that the conditional 
probability of an A; response given event E; and sequence A was nearly 
the same as the conditional probability of an A, response given event 
E; and sequence B for i=4j; or, to put it another way, P(Ai,n41|Ein 
sequence A) = P(Ai,,.;|E;, sequence B), for iz j; ij = 1,2. This 
means that, at least in the 7 = .5 condition, an E; or an E» event could 
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Fig. 3. The effects of the event contingency on response proportions 


serve equally well as discriminative stimulus. There were some small dif- 
ferences here, however, particularly between the two upper and two 
lower curves at lag 3—differences probably produced by alternation 
tendencies. (The alternation tendency showed up in a number of sta- 
tistics and is discussed again below.) The B sequences produced curves 
closer to 1.0 (upper curve) and 0.0 (lower curve) than did the A se- 
quences. The fact that the B sequences tended to have shorter runs in- 
creased the probability of single alternations at lag 3. The subjects 
seemed to respond to this fact. 

With lags of 5 and 7, the strong alternation tendency was no longer 
observed. In fact, the B sequences produced points nearer .5 than did 
the A sequences. A possible explanation for this change is that the pro- 
portion of strictly alternating event sequences was lower at lag 5 than 
at lag 3. That is, with lag 3 strict alternation occurred on 1⁄4 of the event 
sequences, whereas with lag 5 strict alternation occurred only on 1/16 of 
the event sequences and with lag 7 on only 1/64 of the event sequences. 
(See the section on stimulus sequences, under Method, above.) 
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The group 2 results followed the same general pattern as those for 
group 1, but the effects are not as noticeable. The explanation for this 
may well be that when 7 decreases or increases from .5, the absolute 
probability of an E; event becomes a more valid cue—and that the de- 
gree to which a probabilistic event controls a response depends upon its 
validity. In other words, as |7 — .5| increases in a contingent proba- 
bility-learning experiment, it will control the subjects’ prediction re- 
sponses relatively more than other probabilistic contingencies, In this 
case, for lags greater than 1 the absolute probability seemed to dominate 
the subjects’ predictions. The only exception was the P(Aijn+ 1\E2,n) =9 
curve, the only curve with a substantially greater degree of validity. 


Recency curves 


In this experiment, A sequences had relatively long runs and B se- 
quences relatively short ones compared to Bernoulli trials with the 
same absolute 7 values. As the lag increased, these deviations from 
Bernoulli trials diminished, since the trials between dependent events 
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Fig. 4. Recency curves for the two sequence types for group 1 
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in a sequence were independent. Figures 4 and 5 present the recency 
curves for the two sequences of groups 1 and 2 respectively, The func- 
tion plotted is P(A;, ,4|E: run of length k). The P(Ai,,,|E: run of 
length k) curves are not plotted for group 1 because they were very sim- 
ilar to those presented; that is, the P(Az ,,.,|E; run) curve of sequence A 
(B) was similar to the P(Ai,, 4| E; run) curve of sequence B (A). The 
group 2 frequencies for P(As , 4| E; run) were too low to be considered 
reliable, so these curves are also not plotted. 
For group 1, sequence A, the contingent event is clearly evident in the 
runs analysis. For lag 1, the curve was high and fairly level for all run 
lengths. For lag 3, there was a nearly chance level of responding for 
k = 1. However, when the run length was two—P(A; n+s|E1.n+2 Et i 
E; .)—the curve dipped because the trial-n event (lag 3) was an E+ and 
an E; thus tended to occur on trial n + 3 with probability .80. After a run 
of exactly three E, events, the probability of an A; response on trial n + 4 
increased, since the E; event probability was .8 (7, =.8). But note that 
this A, probability did not equal .8. There was still some effect of the E; 
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event back four trials. Then, after a run of length four and greater, the 
response probability was asymptotic at about .85. Thus, the fact that 
P(A: „+ Es.) was over .85 was due in part to long runs of E, events. It 
was not a matter of isolating just the E, event back three trials and show- 
ing high response probability on that cue alone. The same pattern was 
found in the curve for lag 5, with essentially chance responding for 
k= 1,2, and 3, a dip at k = 4, a rise atk = 5, and asymptotic respond- 
ing for k > 6. 

The B sequences for group 1 are interesting contrasts to the A se- 
quences. The lag 1 and 3 curves for the B sequence are almost exact com- 
plements of those for the A sequence. (The curves are shorter because 
runs greater than the lag value were very rare in the B sequences.) But 
the lag 5 and 7 curves did not show any large effects of the contingencies 
with the B sequences. The discrepancy at lag 5 may be due to the dif- 
ferent overall structures produced by the A and B sequences, or to the 
effects of previous experience with long runs. In particular, the subjects 
had just received two one-hour sessions with the A sequences with lags 
3 and 5. Thus, because of this immediate history and because there were 
few runs of length five, the subjects may not have experi 
runs of that length to learn that they were only continued one time in 
five. (In the earlier training, where long runs were frequent, runs of 
length five were continued in four out of five cases.) The lag 7 data were 
almost identical with the A-sequence data—not a surprising similarity 
in view of the Bernoulli characteristic of the seven intervening trials. 

For group 2 the recency curves did not show any contingency effects 
even with lags 1 and 3. This was probably due to the dominance of the 
absolute probability, # = .75. There were, however, some overall differ- 
ences between the two sequences. In particular, sequence B produced a 
greater negative recency effect. This result is in agreement with that of 
Myers and Gambino (1966), who also found greater negative recency 
with sequences characterized by short runs of events. 


Sequential analysis 


It is known that subjects remember events back as far as five trials and 
maybe even as far back as seven trials (Millward and Reber, 1968). The 
recency curves clearly indicate that the dependency between the re- 
sponse on trial n+L and the event on trial n was not entirely indepen- 
dent of the intervening events. Sequential analyses illustrate the nature 
of the dependency more thoroughly. The first analysis (individual-trials 
analysis) looks at the effect on P(Ai,n+x) response proportions of a given 


92 MILLWARD AND REBER 


event on trial n. The second analysis (pattern analysis) looks at the 
effects of all events together back k trials. 
The pair of conditional probabilities looked at in the individual-trials 
analysis, the probabilities P(Ay.442|E1,9) and P(A;,.+x!/E2,.), show how 
an individual event on trial n influenced response probability on trial 
n+ k, where k might or might not be the contingent event of the sequence. 
Tables 1 and 2 present these conditional probabilities for groups 1 and 
2 respectively. Notice that the entries in the diagonal cells where k = L 
are the probabilities plotted in Figures 3 and 4. The far-right column 
presents the overall proportion of A; responses for each group, sequence, 
and lag. The nonsignificant differences (p > .05) between E, and E; 
conditions (pairs of rows for a given lag) are indicated by an asterisk 
between the rows. 


Table 1. Group l's conditional response probabilities, P(A;,, ,,|E;,) and 
P(A; 9 4-2|Eo,0) 


k 
ee s LaS 7 PAN 
Sequence A 

1 85 76 66 60 

Lg fas "98 37 44 iat 
Use so 71 sr E 

3. $ 4 48 30 48 50 pes 
1 57 58 52. 57 63 5ST 

5 aas - 47 54° 4T. F20: 48 cdi 
i @ 5 51, 52. 53. 54 56 

T ME un cav SST eS ge, 49 47 = 920 

Sequence B 

1 18 71 36 60 

1 S Sd 30 65 4h 006 
1 58 50. 21 47 49 

S SUUM sf vo SS. Bl" e 
1 54 61 49 50. 44 

MN OL Gi. 508 

q 1 SB 49. 50. 41 48 4o agr 
9 42 45 51° 49° 59 51 52 


Note: Decimal points omitted; the pair of probabilities above and below each 
asterisk are nonsignificant (p > .05). 
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Table 2. Group 2's conditional response probabilities, P(A,,4alE),) and 
PLA, apal Eza) 


k 
Lag E 1 2 3 4 5 6 7 P(A,,) 
Sequence A | 2 
Eri " 
| 185 a-o do 
Serer. 
|! 1858282 Soe 
Sequence B 
Do» oo sm ln 
(ifs Co 
Eus? 3 —— 


Note: Decimal points omitted; the pair of probabilities above and below each 
asterisk are nonsignificant (p > .05). 


The first fact to note is that there were relatively few nonsignificant 
differences. For k — 1 in group 1 all differences were significant, as they 
were for all k — L conditions. A significant difference means that the 
probability of an A; response was differentially dependent upon the 
event that occurred k trials back. The size of the difference between the 
two values for a given lag indicates the magnitude of the differential 
effect. The pair showing the maximum difference in the direction of the 
contingency of each row is italicized. For the group 1 sequences, the 
maximum was clearly at k = L except for L = 7. In general, the group 
2 sequences had their maximum at k = 1 and did not show the strong 
effect of the contingent event. 

The general pattern of results is that both the immediately preceding 
event and the contingent event have an effect on subjects’ prediction re- 


94 MILLWARD AND REBER 


sponses. There was also a general trend for the effects of any one event 
to diminish as k increased, the trend being greater for B sequences than 
for A sequences. The fact that the contingencies defining the B se- 
quences were opposites to those defining the A sequences (i.e., that E; 
events follow E; events and E: events tend to follow E; events with the 
B sequences) shows up in the conditional probabilities at the k — L 
values. Note that P(Ai,n4.2|E1,n) > P(Ain+1|E2,n) except at k = L and 
in a few cases where k was near L. Of course, this pattern simply reflects 
the fact that the subjects were detecting the contingencies in the se- 
quences, since the B sequences require this reversal. However, the re- 
versal did not carry over to all k values, showing that, except at k = L, 
the E, events had their usual effect, which is to increase the probability 
of an A; response. 

Now for the pattern analysis. The recency analysis indicated that the 
subjects were not simply isolating the contingent event back L trials and 
responding to it as an isolated cue. The joint probabilities P(Ai,n+1, 
Ejnat—1 Ejnsn—2 ++ + Ex) provide further information about the 
effects of trials before and after the contingent event on trial n. However, 
the number of joint probabilities was extremely large and for illustrative 
purposes only the conditional probabilities for lag 3 are presented. (For 
the other joint probabilities, see Millward and Reber, 1971.) 

Table 3 presents these conditional probabilities P(Ai,»4.1|Zin41—1 
«sy Ern Era, Emn—2) for lag 3 and extends the event sequence back 
two trials beyond the contingent event on trial n. Thus, it is also possible 
to see what effect events more remote than the contingent event had on 
the response probability. Table 3 also presents the conditional proba- 
bilities so that successive events starting with Emn- are collapsed 
(En,n—2 Ego, Eg, . ..). 

The data in Table 3 permit a number of generalizations about this 
experiment. First, the contingent event clearly had the primary effect on 
subjects’ predictions. Second, other statistically independent events also 
played a role in determining subjects’ predictions. The effects of these in- 
dependent events seem to have been determined largely by two factors: 
(a) the frequency of each event in the sequence and (b) the saliency of 
particular patterns of events. 

A comparison of Table 3's first two columns indicates the effect of the 
critical event on trial n—2 with E, on trial n— 1 and the fourth and fifth 
columns indicate the effect of the critical event on trial n—2 with E» on 
trial n— 1. The similarities between the first and second and between the 
fourth and fifth columns indicate the effect of events more remote than 
the critical event; if these pairs of columns were identical it would mean 
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Table3. Conditional response probabilities for group 1, lag3, P(A nyal Erata 
Ejn +b Ep, n Ern- Ewn—2) 


Enn—2 = 1 2 : 1 * d 
Epl 1 2 2 . 
Eine E;n +1 Ey 
Sequence A 
H 1 1 91 87 90 65 79 68 86 
1 2 1 71 70 71 42 31 33 51 
2 1 1 46 42 45 75 51 7l 65 
2 2 1 40 68 62 70 69 69 68 
1 1 2 29 47 33 33 46 37 33 
1 2 2 46 30 34 42 52 49 37 
2 1 2 53 38 49 27 38 28 32 
2 2 2 50 32 33 09 06 07 13 


Collapsed 62 51 50 45 57 4T 52 


Sequence B 


1 1 1 13 27 295 25 299 28 298 
1 2 1 as 30. 33 14 $60 4 m 
2 1 1 u g © 39 "HORR 
2 2 1 17 34 21 46 58 48 2 
1 1 3 80 68. 67 44 TORMOLEN 
1 2 2 77 50 74 88 84 88 85 
2 1 2 8] 92 89 67 68 68 85 
2 2 2 72 ‘ese yl. 74 65 nee 

Collapsed 53 52 46 48 52 47 50 


Note: Decimal points omitted; conditional probabilities computed after col- 
lapsing over events are indicated above by centered dots; the seven patterns 
across the collapsed rows were (11+ * *), (12+++), (21+° «), (22.5): 008 25 
(+++), and (+++), the 5-tuple standing for (En+2 Eni» En» En—v En-—2): 


that the more remote events E;, . and Ej,-» contributed nothing to 
the subjects’ prediction behavior. The differences can be traced to event 
frequency and/or event patterns. In sequence A, for example, the 112 
row has probabilities .29 and .47 in the first and second columns and 
probabilities .33 and .46 in the fourth and fifth columns. The .29 and 33 
values seem fairly low—apparently as the result of an alternation tend- 
ency, since the two complete sequences were 11211 versus 21211 and 
19211 versus 22211. In the former pair, it may be inferred, the subjects 
were predicting a 2 in order to complete the sequence 11211; they 
showed no such strong tendency for the 21211 sequence. Similarly, in 
the latter pair, 12211 produced a strong tendency to predict a 2 and 
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292911 did not. If one looks at all the fairly different pairs, ‘simple’ pat- 
terns seem to account for the differences. 

However, it does not seem possible to account for all differences 
simply by referring to salient patterns; frequency was also an important 
factor. For example, when we looked at the pair of events that preceded 
the critical event, we found that the four conditional probabilities 
P(Ai e ii| Eis i, Ens -2) for l, m = 1, 2 were 59, .54, .50, and .44. These 
four probabilities seem to indicate an effect due simply to frequency, 
since the more E, events, the higher the A; probability. 

Similar patterns can be found for the events between the critical event 
and the prediction response. The third and sixth columns in Table 3 
(events on trials n—2 and n— 1 collapsed) show the effect of the pattern 
of events between the contingent event and the response. The highest 
probability was when all events were I's (the first row). The lowest 
probabilities occurred when all events were 2's (the last row). This 
could be due to frequency or to a tendency to respond to runs. The low 
values for pattern 121 in row 2 illustrate an alternation tendency, since 

row 3 has a higher probability with the E; event on the previous trial. 
And when we look at the collapsed conditional probabilities P(Ay.. +5) 
Exnsa Ejn—1), i j = 1,2, we see the probabilities .62, .51, .50, and .45, 
which are extremely close to the .59, .54, .50, and .44 (presented above) 
for the same four patterns two trials farther back. In general, this pattern 
of results is seen in complementary form in the data from sequence B. 


DISCUSSION 


Two broad generalizations can be made here. First, the memory for 
contingent events is evident back at least five trials and the effect of the 
contingent event is a decreasing function of the length of the lag. Second, 
the contingent-event effect is by no means uninfluenced by other events 
before and after the contingent event. There appears to be both a fre- 
quency effect and a pattern effect. The frequency effect is indicated be- 
cause the response probability is related to the actual number of E; and 
E; events that precede the response. The pattern effect is indicated be- 
cause for specific patterns, such as single and double alternations, the 
response probability varies as if the subject expected the pattern to con- 
tinue. 

The results do not tell us how past events are encoded, other than 
that the encoding process is differentially sensitive to contingencies built 
into the sequence. They are in very good agreement with the earlier 
work (Reber and Millward, 1965; Millward and Reber, 1968) on direct 
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measurement of memory for past events, however. The conclusion seems 
to be that memory is a decreasing function of trials back about five to 
seven trials and that it is affected to some degree by run structure, as ob- 
served directly by Millward and Reber (1968) and as observed here by 
the divergence of the curves in Figure 3 at lag 3. The results agree too 
with those of Strub and Erickson (1968), who also found that the con- 
tingency was strongly influential but that subjects did not respond inde- 
pendently of the events on intermediate trials. 

The results about memory for past events in probability learning now 
seem complete and may be helpful in determining a better theoretical 
structure. It is obvious that any theory will have to incorporate memory 
for the last five to seven trials and that it will have to allow for this 
memory to have adjustable weights as a function of the contingencies in- 
volved in the sequence. The theory will have to state how these weights 
are determined as a function of the sequence. The weights will not be 
constant for all sequence types and will depend upon the absolute prob- 
ability as well as contingency probabilities. Our hunch on this matter is 
that the subject can adjust the weights so that he attends to the most re- 
liable or valid cues in the situation. When the absolute probability, #, is 
high, other sequential dependencies become less useful to him than the 
absolute probability itself, upon which he will then heavily rely. To date 
we have not been able to specify any mechanism by which he accom- 
plishes this adjustment of weights, although it seems clear that such a 
mechanism must be based on a coding system involving estimates of 
cue validity. 

Perhaps we should state here that it does not appear that we are study- 
ing a simple conditioning phenomenon. Rather, experiments of the form 
traditionally classified as probability learning are experiments on 
complex information integration. Any future theory of probability learn- 
ing must be a theory that involves memory functions, encoding mech- 
anisms, and hypothesis behavior. 


Notes 


This research was supported by Grant MH11255 from the National Institutes 
of Mental Health. Received for publication February 16, 1971. 
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PATTERNS IN RANDOM CHOICE 


William F. Orr, Charles F. Federspiel, and O. Dale Maxwell 
Vanderbilt University 


The 82 subjects who participated twice in sham ESP experiments showed 
markedly similar responses to card position: a deficiency in calls of symbols 
in extreme lateral positions, a deficiency in repetition of identical calls, and a 
tendency to include all five symbols in any five consecutive calls. Those re- 
sponses did not vary significantly from one test period to another, nor with 
alteration of symbol, yet there were also unique subject variations. 


Men have long understood that the likelihood of an event or sequence 
of events occurring varies between what seems certain and what seems 
chaotic and unpredictable. For more than 300 years a field of formalized 
probability theory, begun with the Pascal-Fermat correspondence, has 
been the subject of lively study, and domains of mathematical probabil- 
ity are now well delineated (see Nagel, 1955, p. 343; Reichenbach, 1949, 
p. 3). 

Men also recognize that success in everyday life depends on the ac- 
curacy of their estimates of the probable occurrence of events. Jean 
Piaget (1951) was so impressed with the importance of the development 
of a concept of chance and probability in the child that he made this 
the topic of one of his major works. 

Formal study of the human concept of chance is a recent comer. In 
1938, Goodfellow analyzed the data from the Zenith radio experiments 
on ‘telepathy.’ He showed that the radio audience collectively used con- 
sistent and predictable methods to order their sequence of calls: when 
one of the ‘preferred’ sequences was presented to the audience, high 
levels of concordance between actual and audience-guessed sequences 
were observed; contrariwise, when an unlikely chosen sequence was 
presented, low concordance. In disproving the effect of telepathy, he 
examined the frequency with which (binary) sequences were called, 
factors influencing the first call of a sequence, and the influence of the 
preceding on the succeeding call (Goodfellow, 1938, 1940). 

In asking for ‘random’ responses from individuals, statisticians find 
predictable patterns of behavior: “Experience has shown that the human 
being is an extremely poor instrument for conduct of a random selection. 
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Wherever there is any scope for personal choice or judgment on the part 
of the observer, bias is almost certain to creep in. Nor is this a quality 
that can be removed by conscious effort or training. Nearly every human 
being has as a part of his psychological makeup a tendency away from 
true randomness in his choices" (Yule and Kendall, 1950, p. 373). Later, 
Kendall and Stuart (1963, pp. 208-211) specified two of the nonrandom 
aspects: a general tendency to avoid calling extreme values from an ad- 
missible set, and a deficiency of serial repetition of identical calls. 

Jenkins and Cunningham (1949) found that subjects attempting to 
randomize a series of ten digits called predictable sequences. They found 
that a given number was followed 25% of the time by the number one 
less than the index number and that the index number rarely succeeded 
itself. Others (especially Senders, 1953; Ross, 1955; Bakan, 1960; and 
Rath, 1966) have also reported studies of certain aspects of the concept 
of probability. Here we present a more comprehensive study of the hu- 
man's idea of randomness. 

We used the format of the card-matching ESP experiment of Rhine, 
Pratt, Stuart, Smith, and Greenwood (1940, p. 25, also Figure 2) to study 
the subjects’ predictions. Investigations into their sequences of calls 
served as a method of exploring the processes involved in human choice. 
Through this we (a) tested the generality of the statements on human 
‘random choice’ behavior posited above, (b) studied the stability of this 
behavior in time, (c) investigated some variables that may influence these 
choices, and (d) examined the subjects’ strategies for patterning and 
ordering their responses. 


METHOD 


Eighty-two adult subjects were studied, 4895 of them college graduates 
(medical students, professional, technical and administrative personnel in 
the medical center), 52% of them in occupational classifications generally de- 
fined as nonprofessional. It must be emphasized that these 82 individuals 
represent only a sample of people in the medical center who were willing to 
devote the time required to perform the task demanded by the experiment. 
Of the 89 subjects who originally consented to participate, 7 could not be 
scheduled for a repeat trial and were excluded. 

The experiment followed the conventional card-guessing ESP test and 
was carried out in a quiet room without windows. The subject was seated on 
one side of a black screen with a 24-by-3-in. section open at the bottom. On 
the other side of the screen, the erimenter was seated so that only his 
hands were visible. Five cards, on which were printed various symbols, were 
placed in a set order in the opening at the bottom of the screen in full view 
of both experimenter and subject. A test stack of 25 uninscribed cards other- 
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wise identical in size and color was placed beside the experimenter. The 
subject was told: 


This deck [indicating the test stack] consists of five each of the five 
symbols you see before you, for a total of 25 cards. Indicate by touch 
the symbol which you feel corresponds to the symbol on the top of 
this stack [again indicating the uninscribed cards]. I will remove 
the top card after your choice. Then, touch the symbol which you 
feel corresponds to the symbol currently occupying the top position— 
the one that started in the second position—and we will proceed in 
this fashion through the 25 cards. 


The examiner recorded (unseen by the subjects) the number position in 
front of the subject (rather than the symbol on the card) as his response. This 
response was referred to as a ‘call.’ The sequence of 25 consecutive calls ob- 
tained by displacing each of the 25 cards of the test deck constituted a “unit.” 
For each set of card types, four units were carried out. Then the subject was 
presented with another group of five cards on which there were different 
symbols, and the test was repeated. Four units of 25 cards each were com- 
pleted using each of the three card types. Cards of a given type constituted 
a ‘deck,’ and 100 calls from each of the three decks were elicited at a given 
sitting. The symbols of deck 1 were numerals 1 through 5, deck 2 were ‘open’ 
symbols, and on deck 3 ‘closed’ symbols (see Figure 1). After an interval of 
no less than four weeks, each subject repeated the entire experiment with the 
order of the exposed cards unchanged and with identical instructions. 

The subjects were not aware that there were no symbols on the cards in 
the experimenter’s stack; that is, they were not told that this was a sham ESP 
experiment. 


OEE L5] 


TYPE | CARDS (NUMERALS -DECKS | ond 4) 


(*] [=] [9] [4] [8] 


TYPE 2 CARDS (OPEN SYMBOLS- DECKS 2 ond 51 


[+] [O] [a] [m] 


TYPE 3 CARDS (cLOSED SYMBOLS- DECKS 3ond6) 


Fig. 1. Symbols and their positions 
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RESULTS 


We have no basis for assuming that our subjects attempted to ran- 
domize responses. However, patterns and biases are demonstrated more 
clearly by comparing responses with those that would be expected if the 
responses were distributed equally among all possible alternatives. To 
do that, we first consider the effects of symbol variation and passage of 
time on single responses. Next, we take up doubles (two sequential re- 
sponses), then triples, and finally some aspects of longer sequences. 


Singles 


The positional distribution of 49,200 single responses of the 82 sub- 
jects is shown by deck in Table 1. Although this table does not allow 
one to assess subject variation, it points up the gross and consistent 
patterns that prevailed regardless of sitting (time) or symbol type. 

Each subject made a total of 600 calls, of which three-fifths, or 360, 
would be expected to be in positions 2, 3, or 4 if the calling pattern were 
uniform. For any given deck, each subject made 100 calls. Under uni- 
formity, 20 calls would be expected for each of the five symbols. Figure 
2 shows the observed and expected numbers of subjects making various 
numbers of midposition calls. 

Detailed chi-square analyses (available from the authors) verified that 
there were no significant differences (either within-subject or among- 
subjects) in the proportion of leftmost-position calls (position 1) relative 
to right-position (position 5) calls. Similarly, there were no significant 
differences revealed between calls at the midposition (position 3) rela- 
tive to adjacent positions (positions 2 and 4). Significance tests also veri- 
fied that there were no overall subject differences (in positions selected) 
dependent on symbol or sitting. The primary finding from the examina- 
tion of single calls is a strong (though not universal) tendency to make 
midposition calls at the expense of extreme-position calls. 


Doubles 


Table 2 summarizes the 82 subjects’ 47,232 sequential responses of two 
calls (doubles) and dramatically reveals deficiencies in calling each of 
the possible like-membered pairs, The double 44 was called least fre- 
quently, followed in order by 33, 22, 55, and 11. Although the aversion 
to extremes is not seen in these like-membered pairs, the next least fre- 
quently called doubles were 15 and 51, an observation consistent with 
the findings reported for singles. 
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Table 1. Singles called for the various decks; times called 


Position 
| ] 1 2 3 4 5 
First sitting 
Deck 1 Expected 1,640 1,640 1,640 1,640 1,640 
(numerals) | Observed 1,495 1,761 1.705 1,708 1,531 
0-E —145 121 65 68  —109 
Rank order 5 1 3 2 4 
Deck 2 Expected 1,640 1,640 1,640 1,640 1,640 
(open Observed 1,524 1,756 1,673 1,719 1,526 
symbols) 0-E —116 116 33 7) | —1M 
Rank order 5 1 3 2 4 


Deck 3 Expected 1,640 1,640 1,640 1,640 1,640 
(closed Observed 1,515 1,762 1,688 1,704 1,531 
symbols) 0-E —125 122 48 64  —109 

Rank order 5 1 3 2 4 


Second sitting 


Deck 4 Expected 1,640 1,640 1,640 1,640 1,640 
(numerals) Observed 1,501 1,702 1,734 1,733 1,530 


0-E —139 62 94 93 —110 
Rank order 5 3 1 2 4 
Deck 5 Expected 1,640 1,640 1,640 1,640 1,640 
(open Observed 1,517 1,749 1,712 1,712 1,510 
symbols) 0-E —123 109 72 72 —130 
Rank order 4 1 2.5 25 5 


Deck 6 Expected 1,640 1,640 1,640 1,640 1,640 
(closed Observed 1,468 1,761 1,716 1,716 1,538 


symbols) 0-E —172 121 76 16  —102 
Rank order 5 1 25 25 4 

Total Expected 9,840 9,840 9,840 9,840 9,840 
(all decks) Observed 9,020 10491 10,228 — 10,292 9,166 
0-E —820 651 388 459 —674 

Rank order 5 1 3 2 4 


Note: Total number of anges called, 49,200; in each deck, 8,200 (82 sub- 
jects x 100 calls in each deck). 


A chi-square analysis of doubles (available from the authors) taking 
account of subjects, symbols, and sittings was carried out to assess the 
significance of the data presented in Table 2, as well as the effect of 
subject and deck differences. The difference between like- and unlike- 
membered doubles was, of course, strikingly significant. The relative 
frequency of calls for doubles representing midpositions (positions 2,3, 
and 4) was significantly greater than for calls representing extreme posi- 
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Fig. 2. Numbers of subjects making various numbers of midposition calls 


tions; for example, the double 23 was called with relative frequency 
5.4%. Similarly, double 43 was called with frequency 5.4% , and double 
54 with frequency 4.8%, Statistical treatment of the data also showed 
significant differences between like- and unlike-membered pairs for both 
extreme and midposition calls. 

In considering unlike-membered pairs, we may also observe that a 
slight preference for ascending doubles relative to: descending doubles 
was demonstrated. By referring to Table 2 one can calculate the cumu- 
lative percentage for ascending doubles (12, 13, 14, 15, 23, 24, 25, 34, 
35, 45) to be 47.8%; that for descending doubles (21, 31, 32, 41, 42, 43, 
51, 52, 53, 54), 47.1%. 

Although all 82 subjects exhibited a preference for unlike-membered 
doubles, there was considerable subject variation in the degree of prefer- 
ence for doubles composed of extreme values (positions 1 and 5) relative 


oe 


RANDOM CHOICE 105 


Table 2. Doubles (sequential pairs) called for all decks 


Fre- Fre- 
Positions Times quency Positions Times quency 
of double called (96) of double called (96) 
il 499 1.0 41 1,853 3.9 
12 2,354 5.0 42 2,623 5.6 
13 2,186 4.6 43 2,561 5.4 
14 2,007 4.2 44 388 8 
15 1,578 3.3 45 2,526 5.3 
21 2,431 5.1 51 1,747 3.7 
22 480 1.0 52 2,218 4.7 
23 2,557 5.4 53 2,076 44 
24 2,688 5.7 54 2,252 48 
25 1,912 4.0 55 484 10 
31 2,139 4.5 
32 2,363 5.0 
33 429 9 
34 2,567 5.4 
35 2,314 4.9 


Note: Total number of doubles called, 47,232 (82 subjects x 96 calls in each 
deck x 6 decks). 


to doubles composed exclusively of midvalues (positions 2, 3, and 4). 
The group as a whole tended to choose ascending doubles rather than 
descending doubles. Here only small subject differences were seen. Of 
the subjects, 47 showed a slight preference for ascending doubles, and 
the remaining 35 showed very slight preferences for descending dou- 
bles, The different decks themselves produced no statistically signifi- 
cant differences in doubles called by the 82 subjects. 


Triples 


Examination of triples is restricted here to considering hypotheses 
relevant to order only. Table 3 lists the total number of calls of each 
of the different triples. Under uniformity, each of the 125 possible 
triples would be called 362 times. Triple 111 was in fact called 31 times 
and triple 423 was called 898 times. ^ 

Analysis is simplified by classifying the 125 different triples into 
nine groups according to their order characteristics. The nine groups 
were: static (111, 222, 333, 444, 555); ascending (the 10 triples exem- 
plified by positional calls 124 and 235); descending (the 10 triples 
exemplified by 531 and 421); convex (the 30 triples exemplified by 131 
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Table 3. Triples called for all decks; times called 


Positions 
of second 


i Position of 
n: __ first member of triple 
of triple 1 2 3 4 a 
1 31 163 104 101 88 
12 163 299 671 555 562 
13 120 785 143 546 151 
14 86 672 616 116 463 
15 83 411 494 460 95 
21 270 115 648 673 625 
22 135 34 106 116 103 
23 616 118 184 898 589 
24 728 120 800 142 742 
25 503 92 527 665 T 
31 121 805 78 575 489 
32 655 187 116 721 565 
33 72 120 38 98 95 
34 627 758 109 202 724 
35 605 569 73 847 129 
4l 82 648 541 49 488 
42 679 186 804 116 689 
43 578 880 220 87 670 
44 63 134 118 31 75 
45 533 755 787 94 259 
51 70 475 602 480 70 
52 460 119 686 797 87 
53 417 562 188 692 106 
54 469 576 665 277 146 
55 81 85 94 150 62 


Note: Total number of triples called, 45,264 (82 subjects x 92 
calls in each deck x 6 decks). 


and 354); concave (the 30 triples exemplified by 514 and 425); static 
ascending (the 10 triples exemplified by 335); static descending (the 
10 triples exemplified by 221); ascending static (the 10 triples exempli- 
fied by 233); and descending static (the 10 triples exemplified by 411). 

Considering the number of different triples in each class and the total 
number called, one can calculate the expected number for any class 
under uniformity. Table 4 shows the number and range of observed 
calls of various classes and the number expected under uniformity. 
Statistical analyses revealed highly significant differences between static 
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Table 4. Triples called for all decks; analyzed by class 
Static Ascending Descending Concave Convex 


Expected 22.08 44.16 44.16 132.48 132.48 
Observed 2.39 79.04 74.91 172.24 173.06 
Range of in- 
dividual calls 0-44 38-159 10-119 75-229 81-225 
Static Static Ascending Descending 
ascending descending static static 
Expected 44.16 44.16 44.16 44.16 
Observed 12.90 11.83 12.83 12.79 
Range of in- 
dividual calls — 0-50 0-46 0-58 0-55 


and nonstatic triples, just as with doubles, But unlike doubles, the dif- 
ferences between ascending and descending triples were highly signifi- 
cant. 

The analysis, for each of the 82 subjects, was on 92 triples for each 
of the six decks tested, or 552 triples per subject. All the subjects except 
one called fewer than the expected number of static (likemembered) 
triples. In fact, 55 (67%) of the 82 subjects chose no like-membered 
triples at all. The single subject who called more than the expected 
number of like-membered triples made 44 such calls. These calls con- 
sisted of two 11s, seven 222s, four 333s, eight 444s, and twenty-three 
555s. 

The highly significant group preference for ascending versus de- 
scending triples was not universal among the subjects but appeared to 
be due to the much larger number of ascending than descending calls 
in a relatively few subjects. There were 43 subjects who called more 
ascending than descending triples and 34 subjects who called more de- 
scending than ascending triples. (In 5 of the 82 subjects there was no 
difference between the number of ascending and descending triples 
called.) The 43 subjects who preferred ascending triples called 3,890 
such triples, or 90.5 ascending triples per subject. The 34 subjects who 
preferred descending triples called an average of only 79.8 such triples 
per subject. No other differences in the classes of triples called were 
statistically significant, either for the composite group or among subjects. 


Longer sequences 

When we consider sequences of more than three calls, a priori analy- 
sis becomes cumbersome. Of the immense number of possible ap- 
proaches, the following a posteriori hypotheses are suggested. 


AND MAXWELL 


RSPIE! 


ORR, FEDE 


108 


s]jeo 2^1jno8suoo y jo sums poioodxo pue paA1esqo jo suornnqunsqq € “B 


ALIWXOJINN YIONN Q3193d4X3 SWNS JO SNOILNGIYLSIQ 
PEE) 9-3 s-a v $-* 


SWNS Q3AH3S80 JO SNOIAn8INISIO 


a 


RANDOM CHOICE 109 


The raw data and previous work on sequences suggested that the 
subjects were tending to organize their calls in groups of five, with all 
five symbols frequently represented in five consecutive calls. To inves- 
tigate this possibility, we considered each symbol position as a number 
response corresponding to its position (see Figure 1) and examined the 
distribution of sums of the positions called in sets of three, four, five, six, 
and seven calls (k = 3, 4, 5, 6, 7). The distributions of sums of each 
set of consecutive calls under uniformity were easily calculated and are 
shown, along with the observed distributions, in Figure 3. In all distri- 
butions the observed sums have a smaller variance than expected and 
a greater frequency of occurrence near the mean. 

We were particularly interested in groups of five and found that our 
impression that the subjects tended to organize in groups of five was 
borne out by the highly significant excess of sums adding to 15 in the 
aggregrate. Not only was this tendency found in the calls of all 82 sub- 
jects, but it was also remarkably stable from deck to deck within indi- 
vidual subjects. 

The distinctive form of the composite observed distribution of sums of 
five-call sets (relative to sets of other sizes) was also, we may note, re- 
flected in the distributions for individual subjects. That is, the spike in 
the middle of the distribution for k = 5 was not caused by relatively few 
subjects but represented a general tendency among subjects. 


First and last calls 


As we have said, each of the 82 subjects made 600 calls in 94 runs of 
25 calls each. These runs were the experimental units. The first and last 
calls of each unit were tabulated, and the proportion of such calls for 
each position (based on the totality over subjects and decks) is given in 
Table 5, This table reveals less deviation from uniformity for the last 
calls (x2, = 10.68) than for the first calls (x&4 = 19.35). The rank order 
of preference for the five positions corresponded with that for all sin- 
gles in the case of first calls, but not in the case of last calls. In fact, the 
bulk of the contribution to X^, = 10.68 was due to the deficiency of 
position-4 calls. 

Table 6 gives some indication of the number of subjects with usual and 
unusual (some indeed unique) frequencies of response for their first 
and last calls in all 24 units. From this table it is clear that deviation from 
uniformity in making first calls was subject-related. For example, there 
were 5 subjects who made a first call of position 2 in more than half of 
their 24 units of 25 calls each. There were 7 subjects who never called 
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Table 5. First and last calls for each unit; proportions called for all decks 
and subjects 


Position 
1 2 3 4 5 : xh 

First calls .179 .230 213 .198 79 19.35 

Rank order 5 H 2 3 4 
Last calls .202 .215 212 173 .198 10.68 

Rank order 3 1 2 5 4 
All singles .183 .213 .208 .200 .186 

Rank order 5 H 2 3 4 


Note: Total number of first calls, 1,968; of last calls, 1,968 (82 subjects x 24 
units). 


position 5 as their first call, and 6 subjects who never called position 1 
first. Among 82 subjects calling under uniformity, none would be ex- 
pected to exhibit this kind of behavior in making calls. Table 6 also re- 
veals that there was much less deviation from uniformity among sub- 
jects in their last-call behavior. 


Table 6. First and last calls for each unit; analyzed by subjects 


Position 
1 2 3 4 5 
Number of subjects First call 6 2 2 4 7 
omitting the position Last call 2 0 0 1 0 
Expected 0 0 0 0 0 
Number of subjects First call 3 5 1 0 1 
calling this position Last call 0 0 0 0 0 
at least half the time Expected 0 0 0 0 0 


Number of subjects First call 23 30 29 25 27 
am this position Last call 39 38 39 38 30 
four, five or six times Expected 45 45 45 45 45 


Note: Under the hypothesis of uniformity of position call, none of the 82 sub- 
jects would be expected to omit a given position on all 24 calls of a given unit, 
nor to begin 12 or more of the units at a given position. 


Matching calls in runs 


Examination of correspondence in sequence of calls both within and 
among subjects is intriguing, but the possible number of combinations 
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was overwhelming. To simplify the comparisons, we examined only the 
series of within-deck calls beginning with the first call in each 25-card 
unit; that is, we compared each subject’s deck 1 calls only with all other 
deck 1 calls, his deck 2 calls with all other deck 2 calls and so on. Fur- 
ther, if the first call of two sets did not match, no further matching of . 
those sets was considered. Even with these restrictions, there were 
42C, = 52,136 among-subjects paired comparisons and 82C*, = 492 
within-subject paired comparisons for each deck. 

The expected (random) probability distributions of matching runs of 
length 0 through length 25, given 95 consecutive calls and five possible 
responses, were calculated (data available from the authors). The top 
part of Table 7 shows the observed and expected frequency of matched 
calls for these lengths, by deck, for the among-subject comparisons. It 
shows, for example, that in deck 1 (numerals, first sitting) there were five 
instances in which the first seven calls of a run were identical, Under 
random calling, this would have been expected only once. In deck 5 
(open symbols, second sitting), there was one instance in which two in- 
dividuals responded identically for the first ten calls of a 25-call unit. 
Table 7 also gives the total number of agreements observed and ex- 
pected. One would expect 13,284 agreements for a given deck, and yet 
we observed substantially more than this for every deck. 

The bottom section of Table 7 is just like the top, except that it is 
for within-subject paired comparisons. That is, for any given deck all 
possible paired comparisons were made among the four 25-call units of 
a given individual. These comparisons were then pooled for the 82 sub- 
jects making a total of [(4)(3)/2] X 82 = 492 within-subject paired 
comparisons. In all cases, there was more agreement than one would ex- 
pect due to chance. For within-subject comparisons, one would expect 
123 agreements for a given deck, yet we observed a total of 1,340 agree- 
ments relative to the 738 (123 X 6) expected. 

Although the analyses above do not indicate position calls or patterns 
of calls that are time- or deck-dependent, some of the particular call 
characteristics mentioned were examined in an effort to assess reliability 
in the test-retest context. The correlation between test-retest results for 
the 82 subjects were examined for (a) number of calls in extreme lateral 
positions (extreme-position calls); (b) number of groups of five consecu- 
tive calls in which there were no position calls, or symbols, repeated 
(no-repeat groups); (c) number of groups of five consecutive calls, the 
sum of positions of which equal 15; (d) number of like-membered dou- 
bles (11, 22, 33, 44, 55) called; and (e) number of doubles composed of 
unlike extreme-position calls (positions 1, 5, and 5, 1). 
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The correlation coefficient for each of these examples (Table 8) was 
highly significant (p < 0.001), but the differences among these correla- 
tion coefficients were not significant. This does not furnish evidence 
that some calling tendencies are more repeatable than others. On the 
other hand, the test-retest correlation coefficients calculated by deck 
(also Table 8) are further evidence of the consistency in calling be- 
havior regardless of the type of symbol used. 


Table 8. Test-retest correlation coefficients 


Unlike 

Extreme- No-repeat Like- extreme- 

position groups Position membered position 
calls of five sum=15 doubles calls 


Over all card types T4 67 63 Bt 67 

Numerals only 63 50 42 53 39 

Open symbols only 55 53 50 73 50 

Closed symbols only — .55 63 56 75 60 
DISCUSSION 


The sections just above demonstrate a number of significant simi- 
larities in subjects’ calls and sequences of calls. There were obviously 
far more differences between those calls than there were similarities. It 
is this very fact that makes for great difficulty in presenting the data, 
since differences may contribute as much to an understanding of the 
process of choice as do similarities. Each record appears to be an ex- 
pression of that person’s individuality and uniqueness. It differs mark- 
edly not only from all other subjects’ records but also from what would 
be expected under uniformity. 

In spite of the uniqueness of each protocol, few subjects exhibited 
markedly unusual records. For example, only one subject called signifi- 
cantly more extreme- than midvalue-position calls, However, there was 
considerably more variability in the degree of avoidance of like-mem- 
bered doubles. This tendency toward individual variability was even 
more apparent in triples. Here again there was the paucity of like- 
membered calls, with much subject variation in the type of triples 
called, but each record showed more group conformity than deviance. 

Though it is not practical to present the data idiographically, the in- 
dividual protocols showed that strikingly many methodologies were 
used. Many of the subjects had attended courses in statistics in college 
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and medical school. Though they could not be considered students of 
probability, they had an acquaintance with its fundamentals. Yet, even 
though they knew that varying their strategy in calls did not increase 
the likelihood of their successfully identifying random numbers, each 
of them did vary his strategy. Most of them did not believe in extra- 
sensory perception and many did not even care to learn of their test 
performance. Yet, all showed immense 'nonrandom' variety in calls. 
Stereotyped, perfunctory repetition of numbers or strategies was infre- 
quent. 

It is not our purpose here to speculate on the motivation of our sub- 
jects’ in order to explain their failure to call extreme positions or like- 
membered sequences as often as one expects under uniformity. Rather, 
we want to point up the fact that all subjects displayed characteristics 
that indeed did “have the quality and creases of well practiced rule- 
governed routines” (Bruner, 1966, p. 2). Yet, intertwined with these 
routines were unique subject variations that formed stable aspects of 
a given subject's test behavior. 


Notes 


Drs. Orr and Maxwell are in the Department of Psychiatry, and Dr. Federspiel 
is in the Department of Preventive Medicine (Biostatistics), at the Vanderbilt 
University School of Medicine, Nashville, Tennessee 37203. Received for 
publication March 1, 1971. 

, Lina further study, data were gathered on the correlation between 
c dar calling behavior and certain psychological and personality vari- 
ables. 
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EVIDENCE FOR SHORT- AND LONG-TERM 
MEMORY IN MONKEYS 


Douglas L. Medin 
Rockefeller University 


Performance by monkeys on a 16-choice indirect delayed-response task dis- 
played an initial drop with time but approached an above-chance asymptote. 
A simple model assuming both short- and long-term memory fits the data 
closely. Under a variety of conditions affecting overall performance, estimates 
of the short-term component remain constant. 


Reanalysis of a previously published study (Medin, 1969) suggests that 
memory in monkeys contains discrete short- and long-term components. 
In that study, nine experienced rhesus monkeys were tested on a 16- 
choice indirect delayed-response test. Each trial proceeded as follows: 
(a) the animal observed the brief illumination of one of 16 cells that 
were arrayed to form a 4-by-4 matrix through a clear Plexiglas screen; 
(b) a delay interval of 0, 1, 2, 5, 10, or 20 sec ensued; (c) the clear screen 
was raised and the monkey was allowed to respond to one of the 16 cells. 
If the monkey responded to the cell previously illuminated, it got a raisin 
reward and the light was turned on again. If it did not respond to the 
correct cell, no light was turned on nor any reward given. A more de- 
tailed methodology is outlined in the original paper. 

The overall results showed that the proportions of responses correct 
were .937, 856, .740, .573, .482, and .437 for delays of 0, 1, 2, 5, 10, and 
20 sec respectively. Chance performance would be 1/16 responses cor- 
rect. Models assuming a unitary memory trace fading at some constant 
rate toward zero cannot predict these data accurately. In order to predict 
the efficient performance at the longer delay intervals, the predictions of 
these models must greatly overshoot observed performance at the 
shorter intervals. 

A very simple model assuming both short- and long-term components 
in memory can adequately account for this result. The model assumes 
that if the monkey attends to the cell illumination, there is some prob- 
ability that information sufficient to produce a correct response will 
enter long-term memory, from which it does not decay (Shiffrin and At- 
kinson, 1969). And if the monkey attends to the illumination, it is likely 
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that information sufficient to produce a correct response will enter 
short-term memory, from which it does decay (or is interfered with) at 
some constant rate with time. The conceptualization is consistent with 
a larger number of models, such as Estes’ (1955) stimulus-fluctuation 
model. From these assumptions we can estimate the proportion of re- 
sponses correct as a function of delay interval by Equation 1: 


P(correct) = [LTM + (1-LTM)K']P(A) , u 


where LTM represents the long-term component, K is the short-term de- 
cay parameter, t is the number of seconds of delay, and P(A) is the prob- 
ability that the subject attended on a trial (this is estimated from per- 
formance on 0-see delay intervals). In estimating LTM and K we adjust 
the scores for guessing. 

Best-fitting values of LTM and K were estimated by a least-squares 
criterion and were found to be .43 and .78 respectively. With these values 
Equation 1 fits these data quite accurately, with the average absolute 
deviation of predicted from observed proportion correct being .01. 

A more detailed analysis of the data reveals the further utility of this 
distinction between LTM and K. To begin with, performance in the 16- 
choice task improved substantially with practice. In terms of Equation 
1 we can ask which of the two components was responsible for this im- 
provement. A second type of analysis involves applying Equation 1 to 
the finding that all cell positions were not equally difficult: cells on the 
corners of the 4-by-4 matrix were easiest to remember, cells on the edge 
but not in the comers were less easy to remember, while cells in the 
middle four cells of the matrix were most difficult to remember. 

Table 1 shows the best-fitting parameter values for LTM and K for 
each of these practice and cell-position conditions. Proportion correct 
at the 20-sec delay interval is also tabled to show the large performance 
differences these conditions produced. The average absolute deviation 
of predicted from observed values is included in the table, and in no 
case were the predicted and observed values significantly different. 

The most striking result is that while the best-fitting estimates of the 
long-term memory component range from .20 to .68, estimates of the 

short-term decay parameter remain remarkably constant across condi- 
tions, varying only between .78 and .80. In terms of our two-process 
model, it appears that practice and cell-position (pattern) difficulty in- 
volve changes in long-term memory and do not affect short-term 
memory. The confinement of parameter changes to the long-term com- 
ponent is consistent with theories that attribute the major flexibility of 
memory to long-term memory processes (Shiffrin and Atkinson, 1969). 


SHORT- AND LONG-TERM MEMONY Ht] 


Table 1. Parameter estimates for some of the conditions from the Medin 
(1969) experiment; also shown is performance at the longest delay interval 


for each condition 


Proportion Long-term Short-term Predicted versus 


correct at memory memory observed aver- 
20-sec parameter parameter age absolute 
Condition delay (LTM) (K) deviation 
Practice 
First 5 days .394 37 18 015 
Last 5 days 492 52 80 240 
Cell position 
Center 232 20 78 028 
Edge .386 .36 79 006 
Corner 690 .68 79 010 


In sum, the present analyses strengthen the hypothesis that it should 
be useful to distinguish between short- and long-term memory in 
monkeys. At the very least, a two-process model is needed to account 
for these data, As such, the data support the same distinction that 
physiological evidence suggests (see Kimble, 1965). In the present ex- 
periment, a simple two-process model of memory accurately described 
performance under a variety of conditions. Furthermore, improvement 
with practice and impairment with cell-position difficulty both involved 
changes in—and only in—the long-term component of this model. 


Notes 


‘This research was partially supported by USPHS Grant GM 16735. Received 
for publication February 10, 1971. 
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INPUT TESTING IN THE 
DETECTION OF MISSPELLINGS 


Donald G. MacKay 
University of California at Los Angeles 


Two types of misspellings (phonetically compatible, werk for work; or pho- 
netically incompatible, wank for work) were tachistoscopically presented to 
24 subjects. Telling them what word would be misspelled increased the 

.— ability of detecting phonetically incompatible misspellings, but not phonet- 
| ically compatible ones. The findings present difficulties for passive models of 
perception; an active, input-testing model is more promising. 


; It may seem surprising that spelling errors should provide a testing 
_ ground for general issues in perception. But current data on detection 
of misspellings contradict the general assumption that perception results 
from direct or passive activation of analyzers for orthographic input. 
Rather, an active or mismatch process seems to be involved, whereby 
perception results from a comparison of the input (at various stages of 
coding) with a self-generated model of that input. 
Consider these two types of misspellings: phonetically compatible and 
; phonetically incompatible. Compatible misspellings can be pronounced 
the same as the original word (say, VURSE for verse) whereas the incom- 
patible ones cannot (vonsk for vens). MacKay (1968) showed that in- 
compatible misspellings were easier to detect in a sentence than com- 
patible ones, a finding in accord with a mismatch model of perception 
(after Teuber, 1960). According to this model, the context of the sentence 
leads the subject to expect a particular word at the phonetic level, and 
. detecting the misspellings depends in part on a mismatch between this 
expectation and the internal pronunciation of the actual input. Since 
the internal pronunciation of phonetically compatible misspellings 
matches that of the expected word, these misspellings pass undetected 
at the phonetic level. But the expectation fails to match the internal pro- 
nunciation of phonetically incompatible misspellings, which are there- 
A fore easily detected at the phonetic level according to the mismatch 
model, 
í The present study was a replication and extension of the 1968 Mac- 
Kay study. To control for exposure duration, the phonetically compat- 
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ible and incompatible misspellings were presented tachistoscopically, 
The subject's expectations were controlled by instructing or not instruct- 
ing him to expect a particular word. According to the mismatch model, 
phonetically incompatible misspellings should be easier to detect in the 
instructed condition than in the uninstructed condition. And phonet- 
ically compatible misspellings should be harder to detect than incom- 
patible ones in the instructed condition but not in the uninstructed 
condition. 

We also presented misspellings that form new words; for example, 
the misspelling of GREET as GREAT. Our question was whether subjects 
would identify GREAT more readily if they expected creer than if they 
had no expectation at all. The mismatch model predicts that these “new 
word’ misspellings should behave like phonetically incompatible ones, 
being easy to detect in the instructed condition because of an internal 
mismatch at the pronunciation level and perhaps at the semantic level 
as well. We will see that the failure of this prediction leads to a theo- 
retical reformulation of the mechanisms underlying the detection of 


misspellings. 


METHOD 


—Subjects and ure—Twenty-four UCLA undergraduates received 
course credit for their participation in the 40-minute experiment. Each subject 
was warned that the words to be presented would sometimes be correctly 
spelled and sometimes not. He was to write down exactly what he saw, guess- 
ing at the spelling if necessary. 

The materials consisted of 14 correctly spelled words (say, crre), 14 pho- 
netically compatible misspellings (ınsrrE), and 14 phonetically incompatible 
misspel (INBrre). The stimuli were typed in capital letters on 46 5-by-4- 
in. cards, which were shuffled thoroughly for each subject. The two types of 
misspelling were formed by changing exactly the same letter in one of the 
correctly spelled words. The misspellings altered neither word length nor let- 
ter height. The first letter was always correct but the position of the substi- 
tuted letter varied from wofd to word. In addition, 5 new-word misspellings 
were formed by changing exactly the same letter in the original, correctly 
spelled words (say, rnvrre for mcrrz). The new-word misspellings slightly ex- 
ceeded the original words in average Thorndike-Lorge frequency, but this is 
irrelevant here, since we were interested in comparing each word with itself 
in the ‘set’ and ‘no-set’ conditions described below. 

In the no-set condition, a warning tone sounded 4 sec before the stimulus 
appeared. The set condition was identical except that the subjects were verb- 
ally told what word to expect in the 4 sec between the tone and stimulus onset. 
The order of the set and no-set conditions was counterbalanced across sub- 
jects. Half the stimuli were presented in the set condition and the remainder 
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in the no-set condition (counterbalanced across subjects so that each stimulus 
ges equally often in both conditions). In both conditions all the mate- 

were first exposed for 120 msec and then for 160 msec. 
—N tus—A two-channel tachistoscope (Scientific Prototype 800F) 

the materials. One channel displayed a fixation point, and the ot 

exosed the stimuli for either 120 or 160 msec. The words were 14 min (visual 
angle) in height and 30.5 min to 61 min in length. The luminance level of 
the stimuli was about 78 ftL as measured with a Spectra brightness spot 
meter, The tachistoscope was connected in series to three general 
timers: one triggered the stimulus onset 4 sec after a warning tone, another 
fixed the duration of the warning tone (1 sec), and the third began the next 
trial by triggering the warning tone 12 sec after offset of the stimulus. An HP 
audio oscillator (201C) generated the 2,000-Hz warning tone. 


RESULTS 


Detection of misspellings 


Compatible misspellings were no harder to detect than incompatible 
ones in the no-set condition. Here the probability of detecting compat- 
ible misspellings (averaged across subjects, words, and exposure dura- 
tions) was .27; incompatible misspellings, .26. Nor did the set condition 
have a significant effect on the recognition of compatible misspellings 
(p at the .50 level, Friedman two-way analysis of variance on ranks). 
But the set condition did facilitate detection of incompatible misspell- 
ings. Significantly more incompatible misspellings were detected in the 
set than no-set condition (p < .05, same test). Similarly, incompatible 
misspellings were significantly easier to detect than compatible ones in 
the set condition (p < .05, same test). 

We categorized incorrect responses as incorrect-word responses and as 
incorrect-set responses. An incorrect-set response was scored whenever 
the subject erroneously responded with the ‘set’ word, and an incorrect- 
word response whenever he erroneously responded with a correctly 
spelled English word. Table 1 shows the frequency of incorrect-set and 
-word responses for compatible and incompatible misspellings. As can 
be seen there, incorrect-word responses were no more frequent for com- 
patible than incompatible misspellings in the no-set condition, but much 
more frequent in the set condition (p < .05, Friedman two-way analysis 
of variance on ranks). This difference was only partly due to the slightly 
higher frequency of incorrect-set responses for phonetically compat- 
ible misspellings. In the set condition (also shown in Table 1), incorrect- 
word responses remained about 8% higher for compatible than incom- 
patible misspellings when the incorrect-set responses were subtracted 
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Table 1. The probability of incorrect-word responses and incorrect-set re- 
sponses given an incorrect identification of phonetically compatible and in- 
compatible misspellings 


Incorrect-word responses Incorrect-set responses 


Compatible Incompatible Compatible Incompat ible 
misspellings misspellings misspellings misspellings 
Set condition "t 56 40 33 
No-set condition 54 53 10 .09. 


out. Thus compatible misspellings were mistaken for correctly spelled 
words more often than incompatible misspellings, but only in the set 
condition. 


Detection of correctly spelled words 


‘Set’ words (say, HERD) and new-word misspellings (say, HarD for 
HERD) made up the correctly spelled words. The set words were correctly 
identified more frequently in the set than the no-set condition (p < .01, 
Friedman two-way analysis of variance on ranks), But the opposite was 
true of new-word misspellings, which were correctly recognized signifi- 
cantly more often in the no-set than in the set condition (p < .05, same 
test). 

Incorrect-set responses and incorrect-word responses were scored as 
before, with the results shown in Table 2. Incorrect-word responses were 
no more frequent for new-word misspellings than set words in the no-set 
condition, but were significantly more frequent for new-word misspell- 
ings in the set condition (84% versus 0% ). This difference is only partly 
due to the high frequency of incorrect-set responses for new-word mis- 
spellings (also shown in Table 2). With these incorrect-set responses sub- 
tracted out, 50% of the erroneous responses to new-word misspellings 
were incorrect-word responses (as compared to 0% for the set words). 


Table 2. The probability of incorrect-word responses given an incorrect re- 


sponse to two types of normally spelled words, along with the probability of 
incorrect-set responses for new-word misspellings 


Incorrect-word responses Incorrect-set responses 
Set New-word New-word 
words misspellings misspellings 
Set condition 0 84 34 
No-set condition 40 A1 .08 


= 
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Apparently the subjects realized the new-word misspellings were words, 
but were unsure which words.! 


DISCUSSION 


Our findings present difficulties for passive models of perception. But 
the mismatch model developed in the introduction also fails to explain 
certain aspects of our data. According to this model, new-word mis- 
spellings should be easier to detect in the set than the no-set condition. 
Since the reverse was true, we were forced to develop a new model to 
explain our results. Our model can be considered an input-testing theory 
(after MacKay, 1967; Miller, Galanter, and Pribram, 1960), since per- 
ception is considered to follow a series of tests on the input. 

Four possible input tests in the set condition of our experiment are 
shown in Table 3. Exposure duration was undoubtedly too brief to 
allow complete application of the first test (Is the input identical to the 
set word at the orthographic level?). And assuming that only one or two 
of the remaining tests can be applied on a probabilistic basis, this 
model seems capable of handling virtually all of our results. 

Consider the possibility that a new-word misspelling has only passed 
test 3 (Is the input identical to the set word at the phonetic level?), with- 


Table 3. The outcomes of four possible input tests in the set condition for the 
four types of stimuli 


Phonetically PUSH cu 
compatible incompatible Set New-word 
Input tests misspellings | misspellings words misspellings 


1. Is the input identical 
to the set word at the No No Yes No 
orthographic level? 


2. Is the input a familiar 
configuration (is it a No No Yes Yes 
word) at the ortho- 
graphic level? 


3. Is the input identical 
to the set word at the Yes No Yes No 
phonetic level? 


4. Is the input familiar 
(is it a word) at the Yes No Yes Yes 
phonetic level? 
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out time for further tests. Given no further information, the subject's best 
response is that the set word was presented, which accounts for both 
the high frequency of incorrect-set responses and the low probability 
of detecting new-word misspellings in the set condition. Note too that 
phonetically compatible misspellings pass tests 3 and 4, making the set 
word the best possible response if time permits no further tests. The 
input-testing model therefore explains the high frequency of incorrect- 
set responses for phonetically compatible misspellings. 

The model also explains the ease of detecting phonetically incom- 
patible misspellings, which fail all four input tests. The high frequency 
of incorrect-word responses for phonetically compatible misspellings 
and new-word misspellings can be handled in similar fashion. Both 
classes of stimuli pass test 4 (Is the input a word at the phonetic level?), 
forcing the subject to respond with a word if no further tests can be run. 
Finally, the model explains why erroneous responses for set words in 
the set condition were usually phonetically compatible. If the exposure 
duration permits all but test 1 (Is the input identical to the expected 
word at the orthographic level?), only two responses are feasible in this 
condition: one a possible incorrect-set response, and the other a phonet- 
ically compatible response. By chance alone, some of the responses will 
fall into this latter class, explaining the tendency to make errors that are 
phonetically compatible with the set word. 

An input-testing model also captures the difficulty in detecting the 
absence of silent Es, as in HORDE, or silent K's, as in KNIGHT (Corcoran, 
1966, 1967, 1968), since the missing element is absent both in the pho- 
netic test and in the internal pronunciation of the misspelling. The model 
likewise predicts difficulty in detecting the addition of silent letters as 
in CORDE. 

The findings of Rommetveit (1968) also fit an input-testing model. 
Rommetveit found that when sHaR is exposed to one eye along with 
suap to the other eye, the subjects reported starr, as if the input passed 
all the tests for perceiving snare. Similarly, Day (1967) found that when 
ropucr is presented to one ear, along with popucr to the other, the sub- 
jects heard propucr, as if the input passed all the tests for hearing 
PRODUCT. 

In conclusion, further research on input-testing models is recom- 
mended to discover the order (if any) in which the tests are usually run; 
to determine whether different individuals apply different tests to the 
same input, leading to subject-specific misperceptions (such as Freud's 
misreading of Hasdrubal as Hamilcar; 1914); and to determine the na- 
ture of input testing in other modalities. 
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Notes 


This investigation was supported by UCLA Grant 2428 and USPHS Grant 
166668-01. The author thanks K. Achevski for running the experiment and 
analyzing the data, and M. Friedman for lending the experimental equip- 
ment. Revision received for publication April 13, 1971. 

l. A curious response fias was noted for set words in the set condi- 
tion. Here the subjects frequently created phonetically compatible misspell- 
ings of the set word. For example, they misspelled WORK as WURK, ADJOURN 
às ADJURN, and SURVEY aS SERVEY. Moreover, these responses were inven- 
tions rather than carry-overs from the experimental misspellings WERK, AD- 
JERN, and survay that could have appeared earlier in the session. This 
response bias suggests that the subjects realized that the stimuli matched the 
expected word at the phonetic level but were unsure of its orthographic 
representation. 
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ANNOUNCEMENT 


The people of Asia need books and journals 


UNESCO has designated 1972 as International Book Year. The Asia 
Foundation's Books for Asian Students pro| has set a goal for the distribu- 
tion of one million books and journals z is Year. Your help will be greatly 
appreciated. 

Books in the sciences, technology, social sciences and humanities dated 1960 
or later in good condition, and professional and technical journals in runs of 
ten or more are needed. 

Shipments and questions may be addressed to 

Books for Asian Students 
451 Sixth Street 
San Francisco, California 94103 

Donations of books and journals are deductible under special provisions of 
the tax laws. The donor's tax adviser can provide guidance for valuation and- 
deductibility. 
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THE DANCING ARABESQUE: 
AN UNUSUAL VISUAL EFFECT 


Isaac Behar 
U.S. Army Medical Research Laboratory, Fort Knox, Kentucky 


An achromatizing lens moved back and forth laterally in front of the 
produces a dissociation of stimulus areas of different hue. This effect is the 
result of the lens having both positive and negative refractive ig depend- 
ing upon wavelength. Secondary visual effects are also described. 


The axial chromatic aberration of the human eye, over the wavelength 
range 380 to 700 nm, is about 2.40 diopters (Bedford and Wyszecki, 
1957), When 578 nm is used as the reference wavelength, the eye is rela- 
tively myopic for shorter wavelengths and relatively hyperopic for longer 
wavelengths. Thus, when visual studies are conducted of apparent in- 
tensity or resolution of small chromatic stimuli, it is necessary to take 
into consideration, or to correct, the axial chromatic aberration of the 
eye. One way to achieve the latter is with the use of an accessory lens 
in which the axial chromatic aberration complements that of the human 
eye. The design for such an ‘achromatizing’ lens is provided by Bedford 
and Wyszecki; the refractive power (as measured by an AO Lensometer 
using a B&L high-intensity monochromator) of a lens triplet made from 
this design is shown in Figure 1, along with the chromatic aberration 
values of Bedford and Wyszecki. 

If one views an intricate, multicolored (arabesquelike) pattern through 
the achromatizing lens, and the lens, held close to the eye, is moved 
laterally back and forth, the components of the arabesque pattern dis- 
sociate and move (almost dance) relative to each other. This striking 
visual effect is not an illusion but is based on the fact that the lens is at 
the same time both a positive and a negative lens depending upon the 
wavelength. As shown in Figure 2, a simple positive lens moved in 
front of an aperture (say, the pupil of the eye) results in a change in the 
optical direction of a point, a change which is opposite to the direction 
of movement of the lens (‘against movement), whereas a negative lens 
produces movement in the same direction (‘with movement) as that of 
the lens. Since the achromatizing lens is positive for wavelengths longer 
than 500 nm, and negative for shorter wavelengths, the lens produces 
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Fig. 1. The refractive power as a function of wavelength of the Center for — 
Visual Science achromatizing lens and of a lens necessary to correct the axial 
chromatic aberration of the eye 


‘with’ movement for blue and ‘against’ movement for red. The net effect 
is a literal dissociation of color patches with movement in opposite 
directions. 

One consequence of this dissociated movement is an impression of 
depth. Since color patches of different wavelengths move in different 
directions and at different speeds relative to each other, the faster mov- 
ing colors appear nearer, as one would expect from the operation of the 
motion-parallax cue. A second effect is the production of exaggerated - 
borders when adjacent color patches move away from each other, and - 
the minimization of borders when color patches move toward (or ovet- 
lap) each other. 

If an achromatizing lens is placed in front of the lens of an ordinary 
slide projector and an aperture of about 3 mm is moved laterally in 
front of the achromatizing lens, the dancing-arabesque effect may 
demonstrated to a group. The effect may also be observed in the ab- 
sence of an achromatizing lens by moving a small aperture in front of 
the eye. An especially effective pattern is provided by Figure 3-12 in 
Burnham, 1962 (which is taken from Plate XI of Evans, 1948). Here; 
the effect is considerably reduced because of the relatively small diam- 


f 


DANCING ARABESQUE 131 


PLUS LENS - 'AGAINST' MOVEMENT 


idR 


MINUS LENS - "WITH" MOVEMENT 


Fig. 2. Geometric diagram of de in optical direction of a point with 
movement of a positive and negative lens 


eter of the pupil, but still very evident. The use of a pinhole to observe 
the dissociated lateral movement resulting from the chromatic aberra- 
tion of the eye has been described by Helmholtz (Southall, 1962). 


Notes 


The helpful comments of Dr. Robert M. Boynton of the Center for Visual 
Mes are gratefully acknowledged. Received for publication. March 12, 
971. 
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NOTES AND DISCUSSION 


FREDERIC CHARLES BARTLETT: 1886-1969 


Frederic Charles Bartlett was born on October 20, 1886, at Stow-on-the- 
Wold in Gloucestershire, a little country town where his father conducted a 
small but successful boot-and-shoe business. Bartlett has given some account 
of his early life there in his contribution to the third volume of Murchison's 
Psychology in Autobiography. This he greatly amplified in a short, unfin- 
ished, and largely autobiographical book on which he was engaged during 
the last few months of his life. Here is a fascinating picture of one little- 
appreciated element of the English social scene before World War I. Town- 
ships such as Stow, whose early importance and prosperity had long since 
diminished with the decline of the wool trade in southern England, and 
which had never been invaded by the Industrial Revolution, yet retained 
their integrity and enjoyed in their remoteness an independence and culture 
of their own. Religious nonconfirmity and political radicalism were some- 
times significant features. Those, like Bartlett, who emerged from one of 
these townships might well carry a happy endowment of freedom from the 
social and intellectual constraints of the London-Oxford-Cambridge triangle, 
even though Oxford was but 30, and London 85, miles off. 

But in Bartlett's case, accident reinforced whatever advantages an uncon- 
ventional prelude to a Cambridge career may have conferred. A dangerous 
attack of pleurisy at the age of 14 put an end to family discussions whether 
he should be sent away to boarding school (the local grammar school hav- 
ing died, apparently of natural causes). He was left to educate himself, su 
ported by ji father’s mental vigor and large assortment of books, by the 
stimulus, encouragement, and library of the local nonconformist minister, and 
by the freedom to immerse himself in the surrounding country life of farms, 
stone quarries, and village cricket—the latter to engender a lifelong passion 
and a curious intellectual stimulus. E 

Finally it was decided he should read for an external London Univers! de- 
gree by taking the course offered by the University Correspondence College, 
whose headquarters were in Cambridge. On the casual ce aire of a friend 
of his father’s, he took logic as one of his subjects. Of this choice he later 
wrote, “it seems odd that [an] apparently somewhat haphazard remark 
should have, indirectly, determined AT my future, but so jt turned out. ' Phi- 
losophy, including psychology, especially in the shape of James Ward's fa- 
mous British Pror radi article, engaged him, and his First Class Honours 
led to an invitation from the Cambridge Correspondence College to become 
Tutor in all philosophical subjects. 
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Cambridge 


His work at the college was not so arduous as to prevent his taking the 
London M.A. and gaining special distinction in eoo and ethics, “though 
throughout this whole period his chief interest on the philosophical side con- 
tinued to be Logic.” In due course it became plain that he should venture on 
a fresh start as an undergraduate at Cambridge. Knowledge and admiration 
of the work of W. H. R. Rivers, who by then had moved from sensory physi- 
ology into anthropology, led him to Saint John’s College, which already had 
a unique history in the encouragement of psychology through its Fellowship 
elections. 

Bartlett’s undergraduate career entailed much encounter with the prevail- 
ing variety of e losophical discussion, as well as some laboratory exercises 
in experimental psychology, largely conducted by Cyril Burt under the direc- 
tion of C. S. Myers. Weight-lifting did not at the time appeal to him, though 
he valued the experimental approach whose discipline he did not fail to 
impose on his own students. Duly he achieved a First Class in his Tripos and 
though at the time his heart was set on anthropology, Rivers advised him that 
the opportunity, offered by Burt's departure, of taking charge of the experi- 

mental course would prepare him scientifically for a future career in the 
discipline of his choice. But the year was 1914 and circumstances outside the 
control of either of them dictated otherwise. 

Many, notably Bertrand Russell and Maynard Keynes, have left impres- 
sions of those last luminous years in Cambridge preceding World War I. By 
some magic, the time needed for the intensive intellectual work on which 
the Umen: distinction of the University depended still seemed to allow 
ample leisure for games, country rambles, and the enlargement of personal 
relationships. For Bartlett, walks with Norbert Wiener (then studying with 
Bertrand Russell) were the occasion for much fruitful wrangling, and he tells 
us how Wiener threw out a suggestion that gave rise to Bartlett's most valu- 
able method in the study of remembering—the method of serial reproduction. 


World WarI 


But the war rudely shattered this engaging and fruitful world. Myers, 
Rivers, McDougall, and William Brown found their way into military psy- 
chiatry, Bartlett, without medical qualification and debarred by health from 
ordinary enlistment, remained in Cambridge as Myers’ deputy in charge 0! 
the Psycholo; ical Laboratory. (In 1915, when the pressure of work on ‘shell 
shock" cases became heavy, Bartlett tried his hand in this field but seems to 
have found incomplete satisfaction among patients who were constantly com- 
ing and going.) In the laboratory Mary Smith, his wife to be, was already at 
work, and the two collaborated on problems of listening to sounds of weal 
intensity connected with the operation of antisubmarine hydrophone equip- 
ment. This they continued together immediately after the war, and the two 
lengthy papers that resulted are of deep interest, partly because of the ex- 
tended use of introspective methods, never again employed by Bartlett in à 
central role, and partly because of the light they throw on the earlier develop- 
ment of his views about feelings, attitudes, and orientations. 

During the war, too, Bartlett wrote up in thesis form the experimental 
material later published in Remembering. This extended thesis, which also 
stated his theoretical position in those days, especially in relation to German 
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and French workers of the early twentieth century, qe him a Fellowship 
at Saint John's in 1917. The present-day reader will be sui rised by two of 
its features. The first is the extent to which the empirical data presented in 
Remembering had already been collected and analyzed 15 years before the 
pen ion of the book. The second is the magnitude of the later change in 

is theoretical thinking about memory, chiefly occasioned by his close ac- 
quaintance with Sir Henry Head in the early 1920s. 


The Cambridge laboratory 


As things turned out, Rivers, after a brief but inspiring return to Cam- 
bridge, died in 1922, In the same year Myers withdrew from academic life 
to found the National Institute of Industrial Psychology in London. Bartlett 
was left in sole charge of the Psychological Laboratory, and the 1920s were 
spent in building a well-balanced department with strong emphasis on experi- 
mental work. Physically, for the needs of that time, the accommodation in a 
specially built wing of the Physiological Laboratory was excellent—the leg- 
acy of Myers’ prewar efforts and personal generosity. Three Lectureships, in 
peehepuhelone experimental psychology, and animal behavior, were esta 
ished; and on the research side, support was given from the start by the 
Industrial Health Research Board and the Medical Research Council. 

With all this in train and a constant flow of able students, Bartlett could 
give part of his attention to some psycholo ical aspects of his earlier love— 
social anthropology. The possibility of field work had by now clearly to be 
abandoned, but the views he had derived from his earlier studies of remem- 
bering were aptly brought to bear on some of the problems of culture contact 
and of the transmission and transformation of material (such as myths and 
folklore) in those social interactions. This found expression in his Psychology 
and Primitive Culture, published in 1923, and in a series of papers in the 
next few years. One of these formed his contribution to the Seventh Inter- 
national Congress of Psychology at Oxford in 1923. 

That Congress was also the occasion for Bartlett, hitherto untraveled, to 
make numerous personal contacts and a number of lasting friendships with 
contemporaries in other lands. Here he first met Albert Michotte, Walter 
Miles, Edwin G. Boring, Herbert Langfeld, Wolfgang Köhler, and Kurt 
Koffka, to name but a few with whom his contact Jater extended to cover their 
respective junior colleagues. Henry Head too, an intimate friend of Rivers, 
attended this Congress, and the relationship between him and Bartlett during 
the first half of the decade formed, as we shall see, a highly significant fac- 
tor in the development of Barlett’s thinking. Contact was close, for at that 
time Head was engaged in writing his Aphasia and Kindred Disorders of 
Speech (1926) and was in the habit of inviting Bartlett (by telegr: am) to come 
and discuss portions of the draft. 3 

By 1930 psychology, in its experimental guise, was firmly established, as 
the University recognized by instituting the Chair in 1931. The laboratory, 
though small by American standards, was full of varied life. Staff and stu- 
dents, undergraduate and graduate, crowded Bartlett's room for the twice- 
weekly discussion classes that covered a wide range of topics, and echoes 
of the proceedings rebounded in the corridors and rooms of the laboratory— 
not to mention the local —betweenwhiles. Research was equally varied; an 
although workers were free to choose their own interests, these reflected a 


136 NOTES AND DISCUSSION 


pattern representative of Bartlett's own. Auditory fatigue, memory, learning, 
thinking, visual perception, the effect of environmental distraction on skills, 
and animal behavior were all being actively investigated, Bartlett himself 
always ready to act as a (distinctly human) guinea pig. 

he year 1932 saw the publication of Remembering, perhaps more of a 
turning point in Bartlett's own development than may have been apparent at 
the time. On the empirical side, the book made public the extensive findings 
previously expounded in his Fellowship thesis, which definitively established 
the predominantly reconstructive activities involved in recall, and it demon- 
strated the process of rationalization and conventionalization that largely de- 
rive from the individual's social and cultural setting. But the book differs in 
two very marked respects from the thesis. First, in place of the rather tenta- 
tive interpretations based on his extensive study of previous French and Ger- 
man contributions, we find the theory of ‘schemata,’ which is the direct, if 
heavily and somewhat obscurely transformed, outcome of theoretical views 
formulated by Henry Head (not in Aphasia, where he never mentions the 
term, but in his Studies in Neurology of 1920). A second novel and outstand- 
ing feature of Remembering is the long and interesting discussion of the 
social and cultural aspects of memory, a reflection of Bartlett's continued pre- 
occupation with earlier anthropological enthusiasms. 

Students and others wrestled earnestly with the difficulties, and with what 
seemed to them the fascinating and novel potentialities, of the notion of 
schema, but on the whole their efforts to clarify the essential elements of the 
theory so as to make it applicable to further use in empirical investigation 
and experiment were unsuccessful, and Bartlett himself carried the matter no 
further, Mere criticism of it presents little difficulty; yet in the minds of at 
least some later workers, the idea has continued to present features that are 
lacking in other formulations of the role of past experience in determining 
present behavior. If the theory of schemata was in the last resort a failure, 
it was certainly one of real quality in imagination and insight. 

With Remembering off his hands, Bartlett himself was concerned to effect 
a synthesis of anthropology and psychology, and so place social psychology 
on a fresh and firm basis. He took the leading part in organizing a small 
group of sociologists, psychologists, and anthropologists, a group which met 
twice yearly between 1935 and 1938 to try to hammer out some common 
principles of research method, rather than of doctrine. The meetings, often 
held in healthily remote places, produced excellent discussion between people 
who otherwise would not have come into close contact. The aim was to pro- 
duce a book which—as its format, if nothing else, indicates—was to resem- 
ble a modern Notes and Queries for Anthropologists. But the outcome coul 
not match that famous model in coherence and consistency. In any case, it 
was published in 1939, and the war swallowed it up along with much else. 


World War IL 


In the second half of the 1930s two factors set Bartlett on the path that 
was in a sense final, since in one way and another, and especially at the 
organizational level, he pursued it for the rest of his life. In the first place; 
the eventual outbreak of war became more and more evident, and he was 
drawn into official discussions, especially of the psychological problems re 
vealed by the expansion of the Royal Air Force. 
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At about the same time, in 1936, Kenneth Craik joined the junior research 
staff of the laboratory. This most unusual young man, himself endowed 
with extraordinary gifts both theoretical and practical, stimulated Bartlett's 
thinking along lines hitherto ce cile the theory of bodily skills, 
though this must have long preoccupied him in connection both with the 
theory of schemata and w ith games such as cricket and tennis. Manifestly, 
in a war that (at any rate, at the outset) would depend heavily on the use of 
aircraft, factors affecting the skills involved in flying would be of outstand- 
ing consequence. As a member of the Air Ministry's Flying Personnel Re- 
search Committee, Bartlett took a leading part in explicating the problems 
involved and in initiating the appropriate laboratory research. 

In this, the close association with Kenneth Craik was indispensable. For all 
Bartlett's powers of perceiving essentials and exercising insight, he was 
neither by training nor inclination the man to realize in concrete and precise 
form either the theoretical conceptions involved in, or the apparatus required 
to carry out, the necessary experiments on factors affecting the behavior of 
pilots and the effects of fatigue. Craik was the perfect complement, for he 
could not only brilliantly sharpen and extend Bartlett’s thinking but was also 
an engineering craftsman of quite unusual caliber. His original, discerning, 
and versatile powers were called on in the ever-greater variety of problems 
Goring up throughout the war, and other able workers were gathered into 
the laboratory to handle the constantly increasing volume of work. In 1944 
the Medical Research Council established this group as the Applied Psy- 
chology Research Unit under Craik’s direction. The latter's death in a road 
accident two days before the end of the war in Europe was a tragic loss to 
his science and his friends. For Bartlett it must have ent a blow that few, 
if any, could even begin to appreciate. 

The work of the Applied Psychology Unit continued and expanded, for 
the types of problems that arose in the stresses of war were found no less 
obtrusive in the new, more and more technologically oriented, postwar world. 
Bartlett himself devoted some considerable attention to formulating his views 
on the character of skills, though he never put together the various as ects of 
his thinking in any single monograph. Nevertheless, from a number of papers 
and lectures, notably his Ferrier Lecture in 1941 and the Oliver-Sharpey 
Lectures in 1947, there emerges the picture of ‘skill’ as an activity t at, 
though based on a distillation of past experience and practice, remains flex- 
ibly adapted to moment-to-moment circumstances, involves anticipation, and 
pos on a grading of response in accordance with the external situation 
to be contended with. Above all, it involves correct timing of the various 
components that go to make up the skill—timing is vital. Breakdown in the 
face of fatigue (or other less transitory conditions such as neurosis) manifests 
itself in mistiming on the one hand and faulty grading of response on the other. 


Thinking 

Now, however, Bartlett's interests moved afresh, though once again not 
without connection with previous phases of his development. This dei 
was thinking that attracted his attention. The origins of this interest may 
well have been threefold. 


First, so far as the empirical aspect was concerned, he had long enter- 
tained the idea that the methods reported in Remembering could be adapted 
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and extended to the study of certain kinds of thought processes. Thus, in” 
place of a verbal passage complete in itself for the subject to recall, there — 
could be a description of an open-ended situation, the subject's task now 
being to complete the story in the way he considered most plausible. This 
could reveal the factors entering into very common everyday situations in 
which the individual, often unawares, foresees the outcome of something as 
yet unrealized. Secondly, and connected with this, it is pretty evident 
the notion of the schema as an active organization of past experience 
for extension of its application to constructive and predictive mental pi 
Third, and more remotely, his old fascination with what goes on in the skills 
involved in such games as tennis and cricket became assimilated to his ex- 
perience of constructive thinking, an idea which even the unsporting may 
nd stimulating and qu epi I 
For Bartlett all this led in empirical terms to the view that, as a practical 
activity, thinking involves the completion of some previously incerti state 
of affairs—whether by interpolation or extrapolation—and this approach he 
explored experimentally. The time he needed to work his way through this 
potentially rich field on a scale comparable to his study of remembering, 
was, however, lacking His book Thinking: An Experimental and Social 
Study, which appe: in 1958, is less remarkable as a scientific contribution 
than as a precious document which, apart from some interesting material, 
allows us a closer view of his personal attitudes and thinking than do any 
of his previous works. 


Later years 


In 1952 Bartlett retired from the Chair of Experimental Psychology and 
the Directorship of the Psychological Laboratory but did not relinquish his 
connection with the Applied Psychology Unit, now independent. For a num- 
ber of years, too, he remained active in the world of committees, and his ad- 
vice was constantly sought and freely given in many quarters, official and 
unofficial. A proportion of his pupils, unusually high for any departmental 
head, by now themselves occupied positions of responsibility, and many of 
Page turned to Lad ee help, or refreshment. His outstanding gi 
or seeing unexpected but significant aspects of lem or difficulty lon 
Ree sa amr codd 7 

So unusual and remarkable was Bartlett's distinction, it seems almost super 
fluous to record the public honors that came his way. He received honorary 
doctorates from the universities of Athens, Princeton, Louvain, London, 
Edinburgh, Oxford, and Padua. In America, the National Academy of Sci- 
ences and the Academy of Arts and Societies honored him; but it was 5 y 
haps his membership in the American Philosophical Society, with its long 
and distinguished history, that gave him the greatest pride and pleasure. 
Numerous national psychological societies conferred honorary membership 
on him. He became a Fellow of the Royal Society in 1932, received the Com- | ] 

panionship of the British Empire in 1941, and the Baly and Huxley medals | 
of the Royal Society in 1943. Knighted in 1948, in 1952 he was awarded that 
outstanding scientific distinction, the Royal Medal. E 

Though somewhat, and increasingly, troubled by deafness, he was blessed - 
with good health and stamina, and when he died on September 30, 1969, at 
the age of 82, his last illness had been mercifully brief. 
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Personal and intellectual frame 


Bartlett's presence was so immediately compelling and impressive that he 
wielded influence over territory far outside his own academic and scientific 
pastures; though few, riggs of the many people he thus encountered 
ever attempted any analysis of his mental and personal qualities. To those in 
closer touch, he presented what sometimes seemed a constantly changing 
enigma, Certainly one of his most marked characteristics was a complete 
regard of the trivial and a neglect of such traditional trappings of academic 
or social intercourse as served no useful purpose. In discussion he was by 
turns disconcertingly direct and—sometimes obscurely—oblique. Many dis- 
covered the need for subsequent reflection before they could grasp fully the 
implications of what he had said. Much the same was true of what he wrote, 
the intellectual texture of which always repaid further perusal and considera- 
tion. 

Rather similar double aspects may be found in the development of his 
thinking. An early element, as we have seen, was formal logic, but this be- 
came pe Ag oie y less an overt feature of his style, althou; he never dis- 
per with logical structure. In the same way, under the influence of Rivers, 
»e early embraced the formalities of laboratory psychology yet soon explicitly 
rebelled against their practice, while retaining respect A them where their 
application appropriate. Inherent personal tendencies apart, these traits 
may have derived from his youthful admiration for the work of James Ward, 
who combined a rigor of intellectual analysis with a liberal and beneficial 
importation into psychology of broad evolutionary principles. 

An abiding and fascinating characteristic of Bartlett's mind was that for 
him a theme had no single exclusive significance. Often, it seemed, his 
thinking was enriched by a duality of reference, sometimes remote and sur- 
prising. So, the changes undergone by the matter of experience as it remains 
stored away in memory and is subsequentl recalled or otherwise used seem 
akin in his thought to the fate of cultural material orally transmitted from 
poosme to generation or between interacting social groups. Again, the 
brilliant stroke at cricket, with its use of all the organized past experience of 
the batsman; the commitment to a decision at a point from which there is 
no return; and the coordination in time of sev contributory processes— 
these seem to merge in his mind with that type of thinking in which, explicit 
logic absent, a subject's adventurous flash of insight is in fact the product of 
a combination of appropriate selection of features of a problem and of ele- 
ments from the organized mass of accumulated experience. Sallies such as 
these were neither mere discursiveness nor consciously contrived analogies. 
They lay at the root of Bartlett’s unusual way of thinking and proved their 
value by enabling him to stand outside the more compulsively organized 
logic of others and see the issue from a fresh and often revealing viewpoint. 

As a person Bartlett could at times appear austere, impassive—even with- 
drawn. At other times, and more frequently as he got older, a robust and 
striking boyish gaiety would seize him. No one who once heard his laugh, 
sudden and often unexpected in its setting, or saw the naughty gleam of 
friendly mischief in his eye, would ever lose the memory of it. His concern 
for others, especially his juniors, was by no means always apparent to them, 
but those in whose interests he worked behind the scenes sooner or later be- 
came aware of its extent and depth. He was much on his guard against grati- 
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tude that might embarrass him or compromise his subsequent freedom of 
action. 
For a man so involved in such a variety of duties and obligations, he was 


astonishingly accessible and, until World War II at least, disdained the pro- 
tection of a secretary. Indeed, he did not have a secretary at all, and himself 
typed all that needed typing on an increasingly battered machine. A visit 


to his office to discuss any problem was a spontaneous, informal affair in 
which he would often appear to talk round the point at issue and sometimes 
indeed give the bg map of failing to appreciate it. Yet one left with a 
curious impression that the matter had low been clarified, though time 
was often needed to perceive exactly how. Direct personal advice he gave 
only very rarely. 

Bartlett's preeminent part in the development of psychology in Britain, 
and to some extent in other countries, was the outcome of a rich and in some 
respects m d personal and intellectual makeup. All in the subject area 
admired his own contributions, especially in their empirical aspect. But by 
no means did all see eye to eye with him as to the lines along which the sci- 
ence ought to develop, or what its proper content ought to be. As he ad- 
vanced in age, Bartlett's convictions about the character and role of psychol- 
ogy progressively took on a more and more determinate form. 

From early in his career he had felt that it was important for psychology to 
emerge from an aseptic ivory tower and meet the challenges of the world 
around. To a very li extent, World War II and its aftermath afforded him 
this opportunity and he seized it eagerly—if along lines some might regard 
as eventually restrictive and as hardly covering the range of the possible. In 
the last year of his life so strongly does this conviction seem to have seized 
him that in the small, unfinished book already mentioned, in which he under- 
takes to relate the history of psychology in Cambridge, the reader may be 
startled to find no reference to anything whatsoever between 1920 and 
1939. Outstanding and distinguished as was his contribution during and after 
World War II, this omission does the gravest injustice to much that was 
most characteristic and fruitful in his own work. It may, indeed, be to the 

rsonal contributions he made during this middle period that workers of the 

ture will turn for refreshment and stimulus, rather than to the well-estab- 
lished and, in some of their remoter branches, occasionally arid results of his 
later activities. 

Throughout, his true achievement was in a major sense immediate and per- 
sonal. This is true not only of his own work but of his impact on his students 
and successors. Lege they were not engulfed but gained their own indi- 
viduality through healthy reaction with him, an outcome well in keeping 
with the firm valuation of freedom so essentially engrained in his nature. 


R. C. Oldfield, University of Edinburgh 


Note: Professor Oldfield expresses deepest gratitude to Lady Bartlett for so 
freely making available much vital material on which parts of this account 
are based, and for going to much trouble to respond to questions to which 
she alone knew the answers. 
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These five books are a good cross section of what is happening in the field 
of visual perception today. Anybody familiar with the hin of American 
psychology in this century will recognize that they could not have ap 
as recently as 25 years ago. ; 

It was then, from the mid-1940s on, that we began to rid ourselves of slav- 
ish obeisance to naive positivism. Only a few stalwarts, like S. H. Bartley 
and James Gibson, together with the newly arrived emigrants from P 
many, had kept the study of perception alive during the decade before Wor! 
War II. Then the very real contributions of sensory psychology to the war 
effort became apparent. Also, there was a growing tolerance ‘or egisti 
logical ambiguity. All of this led to renewed efforts to bring sensory psychol- 
ogy into the framework of current scientific prejudice. Hence, some workers 
began to think of reports of experience as being nothing more than overt 
responses. Others found more sophisticated support—in philosophical tul 
ings such as those by Gilbert Ryle, or perhaps in Hebb's theory, which, i 
one did not look too closely, seemed to fit with behaviorist attitudes. i 

The mere existence of these five books testifies to the fact that psycho! logy 
has settled down to widespread and serious study of sense perception. A 
has happened despite the fact that the old philosophical pro! lems which le 
to the exclusion of such studies in the past are not yet solved. 
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For some time now, there has been a need for a really good textbook in 
this newly revived field of perceptual research. I am happy to report that in 
Visual Perception, Tom N. Cornsweet has written the first 16 chapters of what 
may well be the best textbook ever done on perception. The book is nicely 
printed, beautifully illustrated, and in uni mteidiily lucid in style. 
'The only important thing wrong with it is that it is incomplete. It deals 
with the visual stimulus and with what we used to call visual sensation. It 
does not even get into binocular vision. But what it does it does so very 
well that from now on I shall require all of my students to read it. 

Those of us who remember the m treatment of visual psycho- 
physics that drove so many good people into less worthy fields of psychology 
need fear no longer. Cornsweet makes it clear and fascinating. 

The book is based on a simple and expert treatment of the physical stimu- 
lus. Cornsweet avoids the complexities of the usual account of light as a 
stimulus. Those of us who are used to the convoluted and distracting discus- 
sions of footlamberts, millilamberts, radiometric units, and so on will be 
pleasantly surprised to see that they do not enter Cornsweet's discussion at 
all. He cuts aia all of this and presents only the essential fact that light is 
energy and that the only effective form of this energy is what enters the eye. 

As energy it has magnitude or intensity. This is all that the student needs 
to understand many basic facts of visual sensitivity. Cornweet describes this 
light energy as quanta that travel in straight lines from a source. The recti- 
linear propigation of these packets of energy allows the use of what amounts 
to a simple ray model of light. He shows how the rays travel through diverse 
media, and a student who is paying attention will discover how to trace the 
rays through optical systems, including the human eye. 

Using the classical experiment of Hecht, Schlaer, and Pirenne as an exam- 
ple, Cornsweet shows graphically how the detection of light is related to 
the absorption of quanta by the photopigments. Factors that affect this prob- 
ability of absorption include the size of the source, its intensity, the time of 
its presentation, and its spectral composition. Fluctuations in sensitivity at 
threshold levels and at suprathreshold levels are related to the essentially sta- 
tistical nature of the absorption of quanta. 

From a didactic standpoint, the chapters on color vision range from excel- 
lent to difficult. Cornsweet prefaces this section with a nice discussion of 
the changes in the visual pigments attributable to absorption of light. In this 
connection he describes the central experiments of Wald, Rushton, and 
Campbell. A typical device is his distillation of the different versions of Rush- 
ton’s densitometric apparatus into a single ideal system that gets the basic 
idea across. But Cornsweet is no uncritical relator of scientific tales. Despite 
the fact that this book is designed for the beginner, he points out the uncer- 
tainties in the conclusions that one might want to draw from the densito- 
metric data. 

The book then turns to a discussion of wavelength discrimination and re- 
lates this in a sophisticated way to the facts of color naming. Beginning with 
monochromacy and dichromacy, Cornsweet shows how multiple pigments 
lead to wavelength discriminations and can account for the facts of color mix- 
ture. The notion of a wavelength-mixture space is made clear with many 
diagrams and examples. A charming section describes how a monochromat 
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may be transformed into a dichromat with a suitable pair of spectacles, and 
how these same spectacles can convert a normal trichromat into a tetra- 
chromat. 

Unfortunately, the chapter on the perception of color is much more diffi- 
cult to read than the dapi on wavelength discrimination and retinal 
color systems. The chapter on the perception of color suffers from several 
m First, Cornsweet's discussion about how to — within the 
tridimensional wavelength-mixture space is vel unclear. ive 
drawings of this space ms difficult to [macies The author of a AL aig ps 
ception should have been aware that a little line within a perspective dia- 
gram may well appear to be flat on the page and not to be oriented in h 
unless adequate cues are provided. Secondly, a very long footnote comparing 
the CIE diagram with the system contained in the text is of no help what- 
soever to a beginner. One gets the impression that the footnote is there 
solely to show that the author knows about the CIE system. Although this 
partícular chapter could have benefited from considerable editing to elimi- 
nate some of the complexities for the beginning student, this reviewer lool 
in vain for some account of binocular color mixture. This phenomenon was 
once of considerable importance for color theory. It should at least have 
E mentioned in terms of its bearing on the trichromaticity theory of color 

ture. 

The three chapters on spatial interaction in the visual system are a beau- 
tiful piece of work. They include the usual discussions of lateral inhibition 
and contrast phenomena. But this is related to the exciting developments in 
the spatial-frequency domain. This latter topic is one of those examples of 
how developments in the physical sciences have had an almost immediate and 
direct impact upon psychology. The modulation-transfer function, which is 
right out of the field of electrooptics, is made perfectly clear. There is a nice 
elementary treatment of how optical systems may be considered to be filters 
capable of excluding various Fourier components. 

Cornsweet also provides an extremely useful account of the implications 
of assuming that the visual system responds linearly and of how these impli- 
cations may be erroneous. Typical responses of nonlinear systems, Say, half- 
wave rectification and logarithmic transformations, are used to illustrate the 
effects of nonlinearity in the visual system. This is particularly important be- 
cause so many psychologists seem to be unaware of the essentially nonlinear 
properties of the organism. Though this is a very sophisticated discussion, 
there is no reason why a student with a good command of the English lan- 
guage cannot understand it. Cornsweet uses the concept of nonlinearity in 
accounting for departures from brightness constancy. 

The chapter on flicker perception is quite easy to read after the ones on 
spatial interaction. The temporal modulation function is a direct analogue 
in the time domain of the modulation-transfer function in the space domain. 
ata the importance of nonlinearity is noted and its implications are made 
clear. 

Now that I have said all of these nice things about Cornsweet's book, I 
feel that I am allowed to discuss some of its negative characteristics. First, the 
book is mistitled. It should have been called Visual Sensation and the Visual 
Stimulus. There is one small chapter on higher-order processes, but I think 
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that it is naive. Cornsweet's preoccupation is clearly with the retina. In his 
system, the brain does very little for perception. There is no treatment what- 
soever of the perception of space, movement, or form. These major areas 
cannot be left out of a book ostensibly dealing with perception. 
Psychologists are terrible name droppers, When mentioning the inverse- 
squares law, they are likely to cite Newton and Hooke and appropriate seven- 
teenth-century dates. It is obvious, therefore, that there are certain advan- 
tages to minimizing the number of references, particularly in an introductory 
book. Cornsweet, however, goes to extreme lengths to avoid them. He has, 
for example, left out all reference to Kuffler, whose work is featured very 
prominently in some of the chapters. There are many other worthy works 
in the fields of brightness perception and flicker perception that could have 
been cited but were not. I wonder to what extent this reflects an unconscious 
acceptance of the notion that one must be a member of a particular clique 
oriented around the Berkeley-Cambridge axis in order to be citeable. 


S. Howard Bartley's book Principles of Perception attempts to cover much 
more ground than does Cornsweet's. I am sorry to say that it does not do 
this very well at all. The book contains 17 chapters that range from visual 
acuity, through brightness, color, and space perception, to koditon; the skin 
senses, taste, and smell, to perceptual. learning and social perception. In 
general I found the book a fairly dry and uncritical reportage of miscellaneous 
topics in perception. 

Bartley defines perception as “the immediate discriminatory response of 
the organism to energy-activating sense organs” (p. 11). Bartley recognizes 
that the term ‘immediate’ needs definition, x I found his attempts to do so 
unconvincing. Imagine a bright spot appearing at position A. It is then turned 
off and another bright spot is made to appear at position B. If the conditions 
are nm an observer may say that he saw an object that started at A and 
moved to B. You could then ask him if it passed through position C on its 
way to B. He is likely to say yes, and what is more, he will report that it 
passed through C before it got to B. Yet we know that the light must be 
flashed at B before it can be seen to move through C. Hence the whole epi- 
sode of seeing the light move from A through C to B must be reconstructed 
after the fact. There is no immediacy here of the kind Bartley describes. The 
whole notion that perception involves considerable prior serial and parallel 
processing has had little impact on this book. 

In most of the chapters, there are no unifying discussions to tie various 
facts together. When such discussions do appear, as in the chapter on the 
development of perception, they are bland and too general to be very mean- 
ingful. Thus, the chapter in question ends with the comment that perception 
is changeable. No feeling is given for the vital and often bitter discussions 
on the validity of many of the experimental conclusions cited in this chapter. 
We might cite the important controversy between Weinstein and Held on 
the role of voluntary movements in perceptual adaptation in this connection. 
Also, the work of Harris, who disputes the idea that visual adaptation per 
se actually occurs, is ignored. Similarly, Rock's related theoretical ideas are 
left out. I suppose that Bartley must suppress this evidence if he is to main- 
tain his view that visual perception is changeable. 


^ 
$ 


^ There are several other surprising omissions in the book. The important and 
classical work on contour inhibition by Fry and Bartley is reported, for exam- 
| ple. But apart from a brief account of the findings with the Limulus eye, 
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there is no mention of-lateral inhibition, nor is there any attempt to relate 
it to the contour-inhibition phenomenon. The chapter on color vision also 
suffers from important deficiencies. There is an entirely incomplete account 
of the color theories, which are just barely described. How is a student sup- 
posed to relate diverse experimental findings to each other in the absence of 
theoretical concepts? Similarly, the color solid is described, but no feelin; 

whatsoever is given of how it was conceived or on what facts it was rae 

In this chapter on the spatial constancies, Bartley has got his facts wrong 
about the moon illusion. It was Boring and Taylor who did not get a 
monocular effect, Rock and I did. Also, we showed an influence of degree of 
cloudiness, which Bartley says does not exist. When dealing with the con- 
stancies, Bartley leaves out the important kinetic cues to depth such as move- 
ment gradients, motion parallax, and the KDE. 

The chapter on space perception is largely atheoretical. There is a nice 
explanation of disparity but nothing at all about theories of stereopsis—un- 
doubtedly one of the more lively topics in today's psychology. Facts are 
given about accommodation and convergence, but some of the more inter- 
esting phenomena, such as the roles of astigmatism and chromatic error in 

- guiding accommodation, are left out. The chapter does stress the importance 
of nonvisual information in space perception. This, in my opinion, is an ad- 
vance over some of the older treatments. The material on brightness con- 
stancy is entirely inadequate. There is no mention of the work of Hess and 
Pretori, Wallach, Heineman, Hurvich and Jameson, or even Gelb. 

In discussing form perception, Bartley does repeat the useful point that 
the stimuli in this field may actually be responses. Some of the work of Att- 
neave, Arnoult, and Boynton is cited. But, again, no theory. The illusions are 
discussed briefly in this chapter, but we learn little of how or why they 
occur. There is no mention of Tausch, Gregory, or Ganz, despite their im- 
portant contributions in this area. 

I can also detail several errors in this book. In the chapter on hearing, for 
example, Bartley suggests that combination tones appear when two fre- 
quencies are applied simultaneously but that beats appear instead when the 
two frequencies are close together. This is misleading. The combination tones 
derive from nonlinear properties of the ear, which, effectively, generate the 
. cross products of the two applied tones; beats occur when any two ec 

. cies are close together. They are not mutually exclusive. My major objec- 
tion is that this book is a well-intentioned catalog of loosely connected facts 
and that the author's attempts to bring those facts together are not at all im- 
pressive. I do wish this volume were up to the high standard Bartley set for 

| our field with his book on vision in 1941. 


.... Ifa prize were given for cataloging, the winner would be Leonard Zusne. 
He has provided us with Visual Perception of Form, a monumental survey of 
the literature on his title topic. As the reviewer, I have been in the unenviable 
position of having had to read all of it at once. I do not recommend it for that 
purpose. However, I do believe that the serious student of form perception 
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should have a copy at hand. The book attempts a systematic and comprehen- 
sive review of the visual perception of two-dimensional form. It is largely 
successful in its comprehensiveness, but the goal of systematization was not 
achieved. The author claims that some degree of joining was achieved, but he 
confesses that the area just cannot be contained within a single theoretical 
framework. That is not Zusne's fault. 

The historical introduction to the book is a very nice survey of ideas basic 
to the modern study of form perception. There are some errors. Lotze, for 
example, is identified as a nativist—which he was not. Zusne quotes James 
as having disposed of Lotze in a few words, but if Zusne would look at page 
157 of the second volume of the Principles, he would see that James owed 
Lotze an enormous debt. Lotze believed that each sensation has a unique 
quality, which in time and with experience, comes to be identified with a 
place in the spatial order. It was Hering who took over the local-signs con- 
cept for the nativists. 

Some other statements by Zusne are a little shocking. He asserts that 
“Wertheimer was the originator and ‘brain’ of the Gestalt school" (p. 10). 
This is just plain unfair. Wertheimer may have been the revered senior member 
of the group, but neither Köhler nor Koffka were exactly dullards. Kohler is 
described as a ‘front man.’ I believe that is being a little cavalier with the 
reputation of a truly great man. There are other instances of this sort of flip- 
pancy, but they are not too serious. What is far more important is that Zusne 
tends to emphasize the mere discoveries and specific theories of the Gestalt 
movement rather than its most important conceptual contribution—the de- 
nial of the constancy hypothesis. 

It used to be assumed that sensations sum up with images to give percep- 
tions, This was an assumption of linearity, because it is only in a linear system 
that the superposition principle applies. If the sensations were not linearly 
superimposable, then it would be impossible to separate them from each other 
during introspective analysis. Gestalt psychology denied that sensations are 
superimposable. Rather, it held that when diverse sensory inputs are a plied 
simultaneously, then they inevitably transform each other. This tando 
tion is the Gestalt. It has an existence of its own, and if it were analyzed into 
its constituent elements that identity would be lost. It is this principle of in- 
teraction that was the major conceptual contribution of Gestalt psychology. 
Today we would say with Cornsweet that the system is nonlinear. 

I suppose that it is Zusne's sense of proportion with which I must disagree. 
He considers the various attempts to apply information theory to psychology 
a major breakthrough. Important, yes. Breakthrough, no. Every engineer 
who read Shannon was willing to apply information theory to psychological 
problems as soon as he had heard of them. No major contribution seems to 
have really come of it as yet. 

The volume's short section on neuroanatomy and neurophysiology could 

y physiology 
have been left out. Some of the most elementary facts are wrong. The ol 
superstition that there is a one-to-one connection between cones and bi- 
polars is repeated, when in fact there is considerable divergence from the 
cones to the bipolars, and other complexities as well. The notion that there is 
a point-to-point map of the retina on the occipital cortex is also repeate 
here, despite the acknowledgement of the existence of units with complex 
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receptive fields. Somehow the inherent conflict between these ideas is not 
evident to Zusne; although Dodwell, in his book, recognizes it clearly, as we 
shall see. 

Zusne also talks about the uncorrelated tremor in the two eyes and asserts 
that this undermines the idea of corresponding points. We know from Ogle's 
work on the empirical horopter that the tremor is well within the error in 
localizing corresponding points. One surprising omission in this otherwise 
encyclopedic work is that of many of the very important ideas about the 
mechanisms underlying the formation of Mach bands. This is clearly relevant 
to discussions of contour inhibition. Neither Bartley nor Zusne manages to do 
as well with this subject as does Cornsweet. Also, Zusne does not mention the 
important observation that figural aftereffects occur with stabilized images 
in his account of the Osgood-Heyer theory of figural aftereffects, 

Although Zusne is more inclined to express his own ideas and criticisms 
than is Bartley, he is not always very convincing. In disputing the Pitts and 
McCulloch model, he asserts, for example, that seeing goes on even when the 
alpha rhythm cannot be detected in the EEG. This is not a valid criticism, 
however, because there is a great deal of activity at about 10 Hz, the scan- 
ning frequency postulated by the model, even when so-called beta rhythms 
predominate in the complex wave of the EEG. He also asserts that fixations 
are concentrated along contours and do not tend to dwell at the centers of 
gravity of forms. This may be true for large forms or on initial fixation, but 
Richards and I have reported extensive evidence for central fixation of forms 
that can be viewed in a glimpse. Hochberg has also reported central fixations 
of forms. Contours are scanned in very large forms where sequential viewing 
is required to get some idea of what they look like. This is not to say that I 
support the Pitts and McCulloch model, admirable though it may be. It is 
vulnerable on other grounds, however. 

- Zusne provides us with a fairly extensive discussion of the pattern-recogni- 
tion models proposed by Deutsch, Sutherland, and Dodwell There will be 
more to say about Dodwell’s model when his book is reviewed below. For 
the moment, I would only like to mention that the juxtaposition of these mod- 
els is quite useful. I do object, however, to Zusne's statement that the Deutsch 
and Dodwell models are "only half-baked" (p. 90). This is not only impolite 

ut a bit unfair, since all models in this field are incomplete. It is not a crime 
to suggest incomplete theories. I like Zusne's observation that movement, size, 
and texture play an important role in the species-characteristic responses 
noted by the ethologists but that the typical form parameters do not seem 
lo be involved. 

j here are a number of unfounded claims in this book. For one, Zusne im- 
pe at the beginning of the book that efforts to quantify visual form have 

n successful. I beg to diságree—on the grounds of everything else in the 
ook. Section after section describes some other proposal for quantification. 
Why should this be so if the problem is solved? 

Another claim is that Hebb showed that we need to learn to perceive forms. 
Ms is simply not true. He started with the assumption that we need to learn 
perceive forms and then devised a theory to show how this might occur. 
ere is no conclusive proof that forms cannot be seen without learning. 
OW can a form be separated from its ground in some primitive fashion and 


to 
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not have an original coherence and integrity? The work of Hubel and Weisel 
can be interpreted to mean that the analysis of form features may well be 
inborn, whereas deprivation serves to destroy this innate capability. This no- 
tion of learning to perceive demands a clearer and less ambiguous formulation 
than it has yet received. Learning occurs, but the dimensions along which it 
makes itself evident are not apparent. When we first see a Street figure, it 
looks like an ambiguous set of blobs. Once it is ‘recognized,’ it looks different 
in some way. But if you ask the observer to specify how it looks different, he 
will be unable to do so. In some way, the form is unchanged by learning. We 
have yet to define how it is altered through experience before we can postu- 
late models to explain it. Jastrow’s duck-rabbit figure is a good illustration of 
this profound problem. 

There are many other sections dealing with fidelity of vision, develop- 
mental aspects, ways of measuring form, and form discrimination in animals, 
among others. All of this is extremely valuable and interesting. 1 do feel that 
Zusne's book is a useful guide to this extensive literature, but the reader had 
best rely on his own reading of the primary sources for a fully accurate 
evaluation. Zusne did the job of getting us close to the 2,600 cited references, 
but it is just asking too much of one man to expect a completely satisfactory 
evaluation of so disjointed a field. : 

One thing which is missing in Zusne's book is the spatial-frequency analy- 
sis of visual form. This use of Fourier techniques occurs in some automatic 
pattern-recognition systems. The technique is a conceptually useful alternative 
to the sequential analysis of discrete events so common in models of form 
perception. It serves, at least, to alert us to the fact that our theories may 
well be dictated in part by our methodological storehouse. I know only too 
well that if a scientist is knowledgeable about statistics, he is likely to ascribe, 
say, the variations over time in some wave phenomenon to the variance in 
the wave. If he knows Fourier methods, he will say instead that the variations 
are due to nonlinear interactions of a basic waveform with extraneous noise, 
so that the wave becomes modulated. Both views are correct, but one may be 
more suggestive in terms of underlying mechanisms than is the other. So we 
may be captivated in this field by methods popular in other disciplines. As 
s shall see, Dodwell may also be a victim of his own prior exposure to digital 
logic. 

One assumption made in this field is that form recognition occurs re- 
gardless of the position of the form on the retina. For some reason, Zusne 
missed the paper by Wallach and Austin which showed that in some ways 
the recognition of a form depends on its retinal location. I believe that we 
had best get facts like this straight lest we try to develop theories capable of 
doing too much. 


Peter C. Dodwell's monograph Visual Pattern Recognition is a very per 
sonal work. As such, it is much more interesting than Zusne's massive project. 
Wienss Zusne is for reference, Dodwell should be read in two or three large 
gulps. 

This book has 11 chapters. The first chapter is a general introduction to 
models of form perception and their role in psychological theory. There are 
two things in this chapter that I want to comment on. First, Dodwell makes 
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the same error that many others have made in their discussions of Gestalt psy- 
chology. He describes the concept of isomorphism as a one-to-one mapping 
of retinal events upon the visual cortex. This view is not unique to the Gestalt 
psychologists but is accepted even today, as we have seen, by Zusne and 
many others. I think that Dodwell has forgotten that one of Kohler’s most 
important ideas was that of psychophysical isomorphism. The word ‘psycho- 
physical is very important. Kóhler meant that there is a topological corre- 
spondence between experience and what occurs in the brain. This extremely 
important, though often-overlooked concept was revolutionary in its day. By 
contrast, the other meaning of isomorphism is trivial. Gestalt isomorphism 
is a ‘ticket’ that allows the investigator to travel back and forth between the 
brain and reports of experience. If a one-to-one correspondence exists, then 
one must be able to say something meaningful about brain events if he gets 
an accurate phenomenological account of perceptual events. This is what 
allowed the development of the field theory of figural aftereffects. It is amus- 
ing to note that Dodwell himself, later in his book, actually accepts the con- 
cept of psychophysical isomorphism. On page 118, for example, he asserts that 
“so far as models for the visual system are concerned, one need only postulate 
à one-to-one correspondence between an event in the model . . . and overt 
responses. . . .” However, it is just as plausible to assert that there is a m 
to-one relationship between brain events (and therefore events in models) 
and experience. This would seem to rule out prima facie conclusions about 
brains based on a simple analysis of response or experience. 

The second thing of interest to me in this, Dodwell's first chapter, is a small 
section on modular nets capable of carrying out logical operations such as 
those encountered in the ropositional calculus. This, as we all know, but 
as Dodwell fails to make du. is identical to the binary arithmetic that un- 

erlies digital computation. Perhaps this very powerful tool may prove too 
Seductive to resist. But a more circumspect attitude may be in order, since 
there is no guarantee that God is a logician of the human sort. He might have 
Constructed brains to operate in accord with other principles of computa- 
tion. Dodwell, however, believes that logic nets are basic to an understand- 
ing of psychological processes and (in my opinion) does some very interest- 
ing, though probably incorrect, things with them. F 

His second chapter introduces several models of pattern recognition. This 
chapter is a must for people interested in form perception. In addition to 
Deutsch’s and Sutherland’s very clever approaches to this problem, Dodwell 
describes his own related model in some detail. 

Dodwell's computing network outlines how spatial information may be 
mapped into temporal patterns of pulses, which patterns, he asserts, are 
uniquely related to shapes, regardless of their orientations or positions on a 
Teceptive surface, There are several objections one might raise. Apart from 
Dodwell's own disclaimer, there is no evidence this network is not highly 
vulnerable to noise. Secondly, his model does not allow the preservation of 
Positional information. I know, for example, when a form is above or below 
my own line of sight. This as well as perceived orientation is lost in the trans- 
formation process. Also, the time delays occurring at the nodes in the net- 
work that receive contour information may well Build up so rapidly that it 
could take a very long time to generate the temporal code corresponding to 


150 BOOK REVIEWS 


a complex pattern. Reasonable biological time constants, such as those en- 
countered at synapses, can range from 10 msec to upward of 100 msec. Many 
such delays generated by complex shapes would result in a total system time 
constant on the order of seconds. Yet form perception is more rapid than 
that. 

A final objection is that the time of presentation of a stimulus relative to 
other stimuli may not be perceived if the temporal code takes substantial 
time to be generated. Yet temporal order, which is not recognized in Dod- 
well's modal, is sometimes perceptible with an accuracy of somewhat less 
than 100 msec. It is therefore difficult to evaluate the model unless some 
actual numbers are applied to it. But this is an advantage of such modeling: 
one can apply numbers and then perform experiments to see if what may be a 
reasonable logical structure can actually perform the job assigned to it. ! 
might also mention that unit ‘jj’ should not be connected the way it is in the 
schematic of the recognizer portion of the model shown on page 29. 

Despite these criticisms, Dodwell need not feel defensive about his work— 
as he seems to when he compares it with others. It simply needs more work 
to find out how good it is. It works in part with rats. We want to know how 
much further it may be pushed. 

Dodwell's third chapter is a nice review of recent neurophysiological work. 
I recommend it to the student who wants to have a simply written account 
of all of the exciting developments in contour representation in the nervous 
system and related phenomena, Similarly, his next two chapters cover be- 
havioral evidence on contour coding, such as the important work by Suther- 
land and computer simulation respectively. It is unfortunate that Dodwell 
does not describe attempts at simulation of his own model. 

For me, the book warms up in the seventh chapter, which deals with 
binocular vision. Dodwell is devoted to fusional theories of stereopsis. I do 
not believe that his treatment of alternative points of view is very fair. He 
distinguishes between suppression theories and fusion theories. Moreover, he 
aligns suppression theorists with the ‘bad guys, the nativists; whereas the 
fusion theorists are empiricists. It seems that Dodwell's evidence for fusion 
theory is that disparate images appear to have their visual directions shifted 
toward each other. This is Werner's displacement and von Tschermak- 
Syssenegg's allelotropia. 

Displacement is probably due to unnoticed vergence changes. This is the 
conclusion that Pitblado reached in his dissertation and of Ogle in explain- 
ing the Hoefer effect. The demonstration of displacement with Linschoten's 
figure can also be shown to be due to fixation at a point other than that which 
one is trying to maintain while looking at the stereogram. A few nonius 
markers over the contours of Figure 7.8 on page 133 show clearly that when 
one tries to fixate as requested in the text, he actually assumes another posi- 
tion. A really good observer can see what Dodwell says he cannot see— 
diplopic images. 

My own reaction here is that fusion theorists have been driven to this one 
single demonstration of sensory fusion because most other efforts have been 
shown to be explicable in other terms. But even if this single demonstration 
worked out, fusional theories per se cannot explain the fact that there are 
countless instances of stereopsis where phenomenal fusion does not occur. 
Moreover, partial fusion or displacement is not necessary for the occurrence 9 
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is. At best, one can claim with Helmholtz that fusion does not occur 

nally but that a similar computation may (and Helmholtz really meant 
may) occur at a level that never directly reaches awareness, Helmholtz was 
not a fusion theorist. I do not believe that he was a nativist either. 

Epson theories break down into two classes. First, some theorists be- 
lieve that suppression accounts for the singleness of vision but that it does 
not account for the depth computation itself. Others suggest that alternation 
of suppression may be involved in generating depth. Neither view is neces- 
sarily associated with a position on the nature-nature question. 

Dodwell's chapter on adaptation of the visual system describes a set of 
mathematical transformations of forms, transformations which are like the 
deformations we see through prisms. Dodwell believes that adaptation occurs 

when such conformal transformations are approximate descriptions of the 
formation introduced by the rearrangement procedure. Otherwise, he 
largely accepts Held’s notions about the basis of perceptual adaptation. He 
relies heavily on the apparent shifts in visual direction associated with fusion 
to support his claim that adaptation is visual rather than proprioceptive. I 
om believe that fusion is a good substitute for direct evidence that Harris 
wrong. 

That evidence is still not available. Moreover, the fact that patients with 
squint do not adapt to their condition, even when the strabismus is relatively 
mild, cannot be explained away. Clearly, more evidence is needed. It might 
be noted that this topic has lost some of the vitality it had just a few years 
5 It might be that the large number of seemingly conflicting reports and 
the inherent complexity of adaptation processes tend to discourage experi- 
menters, who seem to have used up all of the simple approaches to the prob- 
lem. Perhaps Dodwell's approach will serve to stimulate some more research. 

Despite all of these negative statements, I genuinely like Dodwell's book. 
It is obvious that its author is a creative and intelligent scientist. The book is 
Suggestive of many good ideas and should be rea by all specialists in per- 
ception. The one thing that must be done, as work in the areas of pattern 
recognition continues, is to define more carefully what it is that a recognizer 
learns. This is too ambiguously stated by both Dodwell and Zusne. Also, it 
must be noted that both of these writers seem to believe that the organism 
must get some kind of a picture of an object into its head—and that the ore - 
nism must then have a means for weighing the picture to determine if that 
has been seen before. But do we have to have a ‘picture in the head’ to per- 
ceive? Perhaps the picture is an illusion. Perhaps we have this illusion be- 
cause when we report, when we are introspective, we are actually construct- 
ing a pattern that develops over time from small segments of processed input. 
It is this set of sequentially developed responses occurring after the fact of 
presentation that may represent the pattern we are supposed to have recog- 
nized. I believe that we must take seriously the idea that the problem of per- 
ception does not end with the projection of an image on some inner screen. 

€ need to know more about the serial processes underlying the complex 
operation of perceiving, which takes place over time. 


? I have left John C. Baird's book on the Psychophysical Analysis of Visual 
pace to the end. This volume is also mislabeled. It does not deal with the 
general problem of visual space but largely with the topic of judged frontal 
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size. Moreover, it does this over a rather restricted domain of conditions. It 
leaves out all of the kinetic factors that influence space and size perception 
Nor is it specific about the visual cues, which are simply subsumed under the 
topic of stimulus uncertainty. Thus, Baird holds that when a rich environ- 
ment is present, then there is a great deal of information present to influ- 
ence judgments. He distinguishes between high-, moderate-, and low-uncer- 
tainty environments. There is no real theory in the book, since Baird clearly 
eschews any effort to deal with the mechanisms that might explain the phe- 
nomena he describes in rich detail. Nor does he want to bother with the really 
great problems of local signs, depth perception, and the metric of visual 
space. 
Pis interests lie elsewhere. When an object is placed at one distance and 
a comparison object is placed at a variable distance, for example, it is pos- 
sible to get a subject to adjust the size of the comparison object at each of its 
distances until it appears to match the standard object. The ratios of the angles 
subtended by the two objects when a match is achieved can be plotted onto 
log-log paper Laer the ratios of the sizes of the objects that would give 
actual null matches to give a straight-line function. The slopes of these power 
functions vary with instructions, degree of stimulus uncertainty, and other 
factors. Baird describes such curves in copious detail. And since clusters of 
these functions resemble the wings of a butterfly, he derives something he 
labels the butterfly model. But we do not have a model here in the sense that 
Dodwell uses the term. There is no real effort to elucidate how or why slope 
variations occur. It is all very empirical. I really do not know why the term 
*model' is used at all. 

Baird does not try to deal with some of the classical problems in this field. 
Why, for example, do distance judgments not correlate with convergence 
angle, whereas size judgments do vary, as though the object were moving in 
distance appropriately with the vergence change? Nor does he consider the 
issue of the ways in which cues interact with each other, particularly the way 
in which Gibson has rephrased this entire problem. What we have is another 
catalog where the facts are right but the only unifying themes are such 
things as good fits to the magical power function. It seems to me that one of 
the major problems of psychology is to show why power functions are such 
good summaries of psychophysical data. 

If the P bal reader would like to have a reasonably complete account 
and classification of many of the facts in this highly specialized field of static 
frontal-size Pere he could turn to this monograph for a reliable treat- 
ment. If he is looking for profound insight and overt enthusiasm to maintain 
his interest, he may have to look elsewhere. The book is much more difficult 
than it need have ben. I think that Baird would do well to read Cornsweet 
before he undertakes a revision of this work. 


Lloyd Kaufman, New York University 


t 
Fundamentals of Learning and Motivation 
By Frank A. Logan. Dubuque, Iowa: Wm. C. Brown, 1969. Pp. xviii, 226. 


Fundamentals of Learning and Motivation was designed to introduce the 
beginning student to the basic principles of learning and motivation, and to 
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illustrate the application of these principles to the understanding of “person- 
ally important responses” (p. 2). The principles Logan describes have been 
derived largely from the study of lower animals, and the book reaffirms the 
once dominant but now widely questioned view that we can most efficiently 
arrive at an understanding of a wide variety of interesting human behaviors by 
first understanding the behavior of lower animals. For those who reject this 
assumption, the book is at best a partial introduction to learning and motiva- 
tion. 

Logan’s attempt at a “coherent oversimplification” (p. xvi) is appropriate to 
an introductory text and has resulted in a very readable book. The treatment 
of classical conditioning, instrumental training, and motivation is in the tra- 
dition of Hull and Spence, with the chapter on “A Scientific Theory of Clas- 
sical Conditioning” the clearest example of this bias. Logan is, however, very 
open about his biases, and the book can be used effectively by those who do 
not share them. 

This reviewer would like to see expanded coverage given to several areas. 
First, the discussion of classical conditioning would be improved by the ad- 
dition of Rescorla’s description of procedures in terms of the relative prob- 
abilities of reinforcement in the presence and absence of various conditioned 
stimuli (R. A. Rescorla, Paychalogioal Review, 1967, 74:71-80). This de- 
scription, which has led to an extension of the scope of research in classical 
conditioning, sets the stage for discussion of excitatory and inhibitory condi- 
tioning and provides a coherent framework within which the proliferation of 
new paradigms can be placed. 

Second, the student's attention should be called to the fact that the out- 
comes of many experiments in conditioning and learning depend on the 
particular stimulus-response-reinforcer combinations selected, as, for exam- 
ple, in the acquisition of learned food aversions, species-specific defense reac- 
lions, autoshaping, and so on (R. Bolles, Psychological Review, 1970, 77: 
32-48; P. Brown and H. Jenkins, Journal of the Experimental Analysis of 
Behavior, 1968, 11:1-8; J. Garcia and F. Ervin, Communications in Behav- 
ioral Biology, 1968, 1:389—415; M. E. P. Seligman, Psychological Review, 
1970, 77:406—418). These data are important because they suggest limits 
on the breadth of our inductive leaps, for example, across species and re- 
sponses, thereby suggesting that a greater variety of models than has hereto- 
fore been proposed will be needed to account for the diverse phenomena of 
conditioning and learning. 


Vincent M. LoLordo, University of North Carolina 


N-Person Game Theory: Concepts and Applications 


aui Rapoport. Ann Arbor: University of Michigan Press, 1970. Pp. xi, 
+ $3.95. 


What can one say about an area of inquiry that has almost completely 
changed from its original domain of interest? Game theory started as the study 
of how to make effective decisions under conditions of conflict. Now N-person 
game theory is a branch of mathematics, and as Rapoport shows, quite a lot 
can be said about the product and process of this change. 

Rapoport for many years has been a thoughtful and consistent writer about 
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models and human behavior. His most recent contribution is a less readable 
and introductory sequel to its companion Two-Person Game Theory. The area 
is difficult to communicate to behavioral scientists because it is now so mathe- 
matical; its contributors have been applied mathematicians. How many know 
of Shapley, Harsanyi, Nash, Shubik, or Von Neumann? Rapoport shows that 
it is important to know this work, if not the people, because it elucidates the 
logic of conflict. The logic follows at three [asa of abstraction. 

At the level closest to the phenomenon of the conflict of interests is ex- 
tensive form, a specification of decisions by whom and when. These decisions 
can be represented by a ‘tree’ whose nodes are particular decision opportun- 
ities and whose branches are actual decision alternatives. At the tip of each 
path through the tree is an outcome to each decision maker. If one can con- 
struct the tree—a difficult empirical problem, ludicrous even in chess—one 
can try to find the best path réel the tree. However, the best path is 
more easily found by representing each path as a single entity called a 
strategy and then focusing on the outcomes. 

The second level, normal form, tries to sidestep specification of all the de- 
cisions and focuses on sets of strategies and outcomes. For two persons, the 
organizing tool is a matrix. The rows of the matrix are the strategies of one 
party, the columns the strategies of the second party, and the cells are the 
outcomes. For three persons, one would need a cube and for N persons an 
N-dimensional figure, a most cumbersome communication device. Therefore, 
Rapoport uses the two-person matrix to summarize the analyses at the level 
of normal form. Essentially this becomes a review of two-person game theory, 
emphasizing differences between pure conflict and partial conflict situations. 
(Experimentalists are familiar with the matrix format, which has been used 
peculiarly to model empirically the formal model.) 

The third level overcomes the complexity of the outcome structure for 
more than two persons. The organizing tool is the characteristic function. It 
isa tule assigning a single number to each of the subsets of all N persons 
(including the null subset and the total set, the latter being an example of 
the fact that half of the subsets are complements to the other half). It does 
this by making two assumptions. The first is that the value of an outcome 
to each party can be combined, or pooled, and resubdivided if necessary. 
The second assumption is that everyone else will get together and do the best 
for themselves and that therefore one’s strategy will be to minimize one’s 
loss or maximize one’s minimum gain. The rule’s main property is that the 
value assigned to a coalition is greater than the sum of the values of any 
subcoalition. 

Rapoport covered this material in the first two chapters for two reasons. 
First, it was preliminary to the theoretical findings reported in the first half 
of the book. And second, it demonstrated how the original question of effec- 
tive decisions had become lost. In fact, strategies and decisions had disap- 
peared and been replaced with challenging analyses of a rule that specified 
the value of a coalition. 

The theoretical results show that, under various assumptions, a coalition will 
bring the group the best outcomes. Also, some of the results discuss rules 

for distributing the outcomes among the coalition members. In order to do 
this, the mathematics of set theory is used. For those who need to brush up, 
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the introductory chapter gives a brief course With these tools, one can leam 
what is an imputation, core, kernel, or bargaining set. 

The last half of the book applies the theoretical results to analyses of mar- 
kets and legislatures, both of which are reasonably defined by the cost of a 
good’ or the yea or nay of a vote. These applications, while interesting, are 
pu» not of great importance to psychologists unless one has a well- 

fined voting situation in a committee. 

There are several situations Rapoport does not describe that might be of 
interest. To the extent that one can map out a set of attitudes by an indi- 
vidual, or one attitude by a set of individuals, one might apply a [ane 
theory analysis to look for various kinds of coalitions. Results mi ht bring 
fresh insight and provide an alternative to the balance theorem of just two 
sets of attitudes (coalitions), homogeneous within a set and antagonistic be- 
tween sets. 

Another application might be to that of the organization of influence or 
communication within small or large groups. This would be an extension of 
the two-person game theory presently in progress on the c: of out- 
comes in a two-person group. In fact, il one likes to think by analogy, N- 
person game theory is a dc She gi system that may provide some insights 
Ee the logic of the phenomena of your interest, and this book will help you 
along. 


Gerrit Wolf, Yale University 
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Research Committee on Sociolinguistics 


The Research Committee on Sociolinguistics of the International Sociologi- 
cal Association (RCS-ISA) came to lifeat the time of the Sixth World Congress 
of the ISA in Evian, France (1966). The need had been recognized, for an 
organization which would assist scientists working in the area of sociolin- 
guistics and the sociology of language, to exchange ideas and cooperate across 
disciplinary and national boundaries. After two years of vigorous activities and 
wide interest, official recognition by the Executive Committee of the ISA as 
an ISA Research Committee was achieved. . 

The Committee aims at disseminating information on sociolinguistic ac- 
tivities, stimulating discussion of theoretical fundamentals as well as ongoing 
work and organizing regional, national, and international conferences where 
closer contact and intensive exchange among concerned scientists can take 

lace. The Committee's primary instrument of communication, the Socio- 
inguistics Newsletter is now published four times a year and is currently being 
received by approximately 600 scholars from 50 countries. 

Annual dues, including subscription to the Newsletter, are: Regular, $6.00; 
Student, $4.00; Institutional (libraries and organizations), $10.00. Back issues 
(1967, 1970) are available for $1.00 and $2.00 respectively. , 

Requests for sample copies of the Newsletter and applications for individual 
or group membership should be sent to 

Evangelos A. Afendras 
Secretary-Treasurer, RCS/ISA 
Social Science Research Institute 
1914 University Avenue, #101 
University of Hawaii 

Honolulu, Hawaii 96822 
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Senior Fulbright-Hays Program for 1973-1974 


The Committee on International Exchange of Persons announces that 
applications for senior Fulbright-Hays awards for lecturing and research 
during 1973-1974 in over 75 foreign countries will be accepted in the 
spring of 1972. Specialists in the field of psychology who are U.S. citi- 
zens and have a doctorate or college teaching experience are invited to 
indicate their interest in these 1973-1974 awards by immediately com- 
pleting a simple registration form, available on request from 

Senior Fulbright-Hays Program 

2101 Constitution Avenue 

Washington, D.C. 20418 
Registrants will receive the detailed announcement of available awards 
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and to apply before the closing date. July 1, 1972, is the deadline for 
applying for research awards, and it is the suggested date for filing for 
lectureships. 
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A DEVELOPMENTAL ANALYSIS OF THE EFFECT 
OF STIMULUS ORIENTATION ON RECOGNITION 


Lila Ghent Braine 
New York University 


Subjects of various ages were tachistoscopically shown geometric figures that 
had a distinguishing cue at one end, and at the other end, a ‘focal’ feature that 
determines the apparent upright for young children, The orientation facilitat- 
ing recognition changed with age; a developmental change in the starting 
position of a serial-processing mechanism is proposed. 


It is an old observation, both in psychology and in everyday experi- 
ence, that the orientation of a form influences its phenomenal appear- 
ance and also its identifiability. The interpretation of such observations 
is complicated by the fact that there appear to be developmental 
changes in the observer's response to orientation—a young child may be 
content to look at an upside-down book, but the parent cannot read it 
that way. 

A thorough review of the work on the orientation of form appears in 
a recent book by Howard and Templeton on spatial orientation in man 
(1966, pp. 294-348). In a theoretical interpretation, these authors pro- 
pose the operation of “some internalized scanning mechanism, and that 
à sequential signal is produced containing all the information of both 
the shape and the orientation of the stimulus” (p. 319), to account for 
the effect of orientation on recognition. Curiously, they give no reason 
for invoking a sequential-processing mechanism, and the very gen- 
eral theoretical view offered could be served equally well by parallel 
processing. The point of view presented in this paper also rests on 
the assumption that a serial-processing mechanism operates in form 
Perception at some level in the organization of the percept, but it 
further assumes that this processing has some specific directional 
characteristics. 

Now, serial processing in vision is usually assumed to be random—to 
Start at a focal feature and proceed randomly from one focal feature to 
another, as suggested by Hebb (1949). The thought that serial process- 
ing has directionality first arose in an attempt to explain the observation 
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that young children consider some nonrepresentational forms upright in 
one orientation and upside down when turned 180 deg (Ghent, 1961). 
Such judgments of orientation have been elicited in Iranian preschool 
children (Antonovsky and Ghent, 1964), in a range of age-groups in the 
United States ( Pick and Pick, 1966; Harris and Schaller, 1969), with a 
variety of figures (Pick and Pick, 1966; Koff, 1969) and different methods 
of presenting the stimuli (Moeller and Goodnow, 1969; Harris and 
Schaller, 1969). 

In that 1961 Ghent study, phenomenal uprightness seemed to be char- 
acterized by the presence of a focal feature at the top of the pattern; it 
was possible to predict the preferences for simple figures with the focal 
features defined a priori. (The problem of defining 'focalness' is dis- 
cussed in the last section of the present paper.) The judgments of orien- 
tation were interpreted as deriving from processes underlying form per- 
ception—more specifically, as indicating that serial processing of the 
parts of a form started at a focal feature and continued in a downward 
direction. This interpretation implies that recognition of a form should 
be facilitated by presentation of the form in the upright orientation (un- 
der conditions preventing eye movements); and recognition of tachisto- 
scopically presented forms was indeed better when the forms were pre- 
sented in the phenomenally upright position than when they were 
presented upside down (Ghent and Bernstein, 1961). i 

Ghent and Bernstein (1961) also found that facilitation of recognition 
by the upright orientation diminished with age: facilitation was marked 
in three-year-olds, had decreased in four-year-olds, and had virtually 
disappeared in five-year-olds. This apparent age change in the tendency 
to process downward from a focal feature constituted the point of de- 
parture for the set of experiments to be reported here. 

Here, the effect of orientation on recognition of geometric figures was 
investigated in three age-groups: first-grade children, nursery-school 
children, and college students. Experiments I and II form a pair: Experi- 
ment I provides data on judgments of orientation for a new set of geo- 
metric forms, and Experiment II investigates recognition of these forms 
presented in different orientations to children in the first grade. Experi- 
ments IIT and IV likewise form a pair: Experiment III describes judg- 
ments of orientation for another set of geometric forms suitable for work 
with nursery-school children, and Experiment IV investigates recogni- 
tion of these forms presented in different orientations. Experiment V ex- 

tends the investigation of the effects of stimulus orientation on recogni- 
tion to college students. 


"STIMULUS ORIENTATION 159 


EXPERIMENT I 


The first question is why the effect of an upright orientation on recog- 
nition disappears around five years (Ghent and Bernstein, 1961). There 
are at least three possibilities. The most parsimonious is that serial 

| processing becomes random after four years, to have no directional com- 
ponent; there is nothing in the data or theory on form perception to sug- 
gest that the orientation of geometric forms should influence recognition 
in the absence of selective experience with the form in a specific orienta- 
tion. Another possibility is that the mode of serial processing remains 
the same in the older child but that more complex figures are required to 
demonstrate the effect. A third possibility is that serial processing re- 
mains directional but that it changes around five years, in such a way 
that the starting point is no longer the focal feature but, rather, the top 
of the figure as defined by the spatial framework. 
| In order to investigate these possibilities, new figures had to be de- 
.. ised to meet three requirements: (a) that the figures be more complex— 
have more lines in them—than those used earlier, (b) that the feature dis- 
tinguishing one figure from another be different from the assumed focal 
feature and at the opposite end of the figure from it, and (c) that the 
figures elicit highly consistent judgments of orientation in the predicted 
direction, namely, that the upright orientation have the assumed focal 
feature at the top. The first and second requirements were met simply 
the appropriate design of the figures; the present experiment investi- 
gates whether the third requirement was met. 


€ O0 


Method 


The subjects were 9 boys and 14 girls attending the University of Maryland 
nursery school. The mean age was 5:7 years, with a range from 5:2 to 6:1 
years, All the children were white; most of them came from homes of profes- 
Sional parents, 

e stimuli were three families of rectilinear figures in which each member 
of the family shared a common feature (assumed to be focal) at one end, had 
identical sides, and differed only in the way the figure was closed at the other 
end, this latter portion being the differentiating feature of the figure (Figure 
l - The figures, drawn in black ink on a card 4 y 4 in., were 2% in. long and 
M in. wide. 

The experimenter and the subject sat on adjacent chairs in front of a table, 
and the Subject was shown a pair of cards, identical in shape but differing 

leg in orientation with the long axis vertical. The experimenter held the 

erpendicular to the child's line of sight, at arm's length in front of him, 
and asked him to point to the card that was upside down. Six pairs of realistic 
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Fig. 1. Three families of complex figures in the phenomenally upright orien- 
tation; the numbers are the percentages of children judging the figures up- 
right in the orientations shown, Experiment I 


pictures were presented first, and then the 19 pairs of geometric figures shown 
in Figure 1. 19 geometric forms were arranged in a fixed random order 
and were presented in order 1—19 to half the group, in the reverse sequence 
to the other half. 


Results and discussion 


Figure 1 shows the geometric forms in the orientations most fre- 
quently judged as upright and the percentages of children making each 
such judgment. The main point is that 17 of the 19 figures were con- 
sidered upright when the assumed focal feature was at the top of the 
form. The judgment was statistically significant at the .01 level in all but 
three instances—the last item in the second family and the fourth and 
fifth items in the third family of figures. The 14 figures that more than 
85% of the children judged to be upright with the assumed focal fea- 
ture at the top clearly met the three requirements for further investiga- 
tion of directional processing in form perception. The two instances mM 
which the observed judgments for orientation were opposite to those 
predicted (the last two items of the third family shown in Figure 1) will 
be discussed in the section on ‘focalness’ at the end of this paper. 
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f EXPERIMENT II 


Let us now return to the question of the three possible bases for the 
change with age in the effect of orientation on recognition of shape. The 
forms shown in Figure 1 were designed to provide control over the part 
that had to be perceived in order to select the correct form from a 
multiple-choice array of all the members of the appropriate family. The 
orientation of the form that facilitated perception of the distinguishing 
feature would, theoretically, vary with the mode of processing used by 
the subject. If serial processing is random in the older child, there would 
be no reason to expect the orientation of unfamiliar geometric figures to 
have any effect on recognition. Alternatively, if the older child continues 
to process complex forms by starting with the focal feature and continu- 
ing downward, then recognition (of the complex forms shown in Figure 
1) would be best with the focal feature at the top. That is, processing 
downward from the focal part would facilitate perception of the distin- 
guishing feature for a figure in the upright orientation, whereas for the 
upside-down orientation processing downward from the focal part 
would lead away from the remaining lines of the figure. Finally, if 
processing in the older child begins at the top of the figure rather than 
at the focal feature, recognition would be best when the figure is ori- 
ented with the distinguishing feature at the top, since the distinguishing 
feature would be processed first (before the trace faded). 


Method 


The subjects were 21 girls and 11 boys from the junior-primary and first 
ides in one of the public schools in Washington, D.C., that served a popu- 
tion approximately half black and half white at the time of testing. The 
School served lower- and middle-class families. The mean age of the group 
was 6:9 years, with a range of 6 to 8 years. Twenty-eight children were right- 
E and four were Ttkosdod: as determined by the hand used for 
Ang. 
. Ten of the figures shown in Figure 1 were selected as stimuli: the first four 
items in the top family, the first three items in the middle family, and the first 
three items in the bottom family. Each figure was presented tachistoscopically 
in four orientations, so that the distinguishing feature appeared at the bottom 
the phenomenally upright orientation), at the top, at the left, or at the right 
of the figure. (The theoretical considerations underlying this experiment are 
relevant only to the results obtained for presentation in the phenomenally up- 
right and upside-down orientations, but the figures were presented turned to 
the left and to the right to explore the effects of such orientations.) 
The 40 items were arranged in a semirandom order in four different se- 
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quences. The child indicated the item seen by pointing to the stimulus item 
in a multiple-choice array of six items of the appropriate family; the array 
was on a mm sheet of cardboard and was shown to the subject by the ex- 
perimenter after the presentation of each stimulus. Four sets of multiple- 
choice arrays were used, each set being oriented to correspond to one of the 
orientations of the stimulus figures. The subjects were divided into four 
groups, each grou mee the arrays in a different orientation. Thus the 
orientation of all the multiple-choice items was the same for any particular 
subject but differed among groups, whereas the stimulus figures appeared in 
each of the four orientations for all subjects regardless of group. This design 
provides procedural simplicity and makes it possible to evaluate any effect 
that the orientation of the multiple-choice items might have on the identifica- 
tion of the stimulus items. Within each multiple-choice group, the subjects 
were counterbalanced with respect to the sequence of presentations used, and 
as much as possible, with respect to age, sex, and exposure duration. 

Each subject was tested individually in a large room in which the light con- 
ditions were kept constant by drawing the window shades and leaving one 
set of room lights on. The subject sat on a chair 9 ft away from the screen, 
and the experimenter sat a little off to the subject’s side. The stimuli were 
presented on a rear-projection screen by a Kodak projector (fitted with an 
Ilex shutter) behind the screen. A 4%-in. square was outlined with black tape 
on the screen at approrimately the subject’s eye level, and the subject was 
told to look there before the presentation of each stimulus. The long axis of 
the stimulus was 3% in. and subtended a visual angle of 1.7 deg. After each 
presentation, the appropriate family of multiple-choice figures was handed to 
the child, and he was allowed as much time as he wanted to make a choice. 
He was never told whether he was right or wrong, but he was encouraged in a 
rather general way throughout and was given a lollipop at the end of each 
session. 

A set of 16 practice items always preceded the test items. The practice fig- 
ures were two families of figures designed to have characteristics similar to 
those of the test uem that is, the members of each family were alike on 
three sides and differed on the fourth. These figures were presented in each 
of four orientations in order to acquaint the child with the procedure and to 
give him practice in selecting figures from the multiple-choice arrays that did 
not kie: match the orientation of the stimulus figures. The subject was 
told that the figures would appear turned in different ways and that he was to 
try to find the correct one on the big card, without paying any attention to 
how it was turned. If he had difficulty in understanding the task, several trials 
were run with the stimulus and multiple-choice figures present simultane- 
ously. In general, the practice trials began with exposure durar of % sec, 
and the exposure times were decreased as the child improved. Most subjects 
required more than one practice session to reach a stable and efficient level o 
performance, after which the test figures were introduced. 

The test figures were always presented in a single session; the exposure 
duration was constant for a given child for the test figures but varied from 
child to child in an attempt to achieve a level of 50% correct for each child. 
Fourteen were tested at Yo sec, two at Xs sec, three at 1o sec, four at Vion Se 
and nine at oo sec. A bimodal distribution of exposure durations required to 
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achieve a particular level of performance has been found previously in a group 
of shentally retarded subjects (Ghent, 1964), and Mayzner et al. (1968) have 
noted that college students seemed to fall into ‘slow and fast’ processors in 
their studies of visual-information processing. 


Results 


The main question is whether the orientation of the geometric figures 
affected the ease of recognition of the figures and, in particular, whether 
shifts within the vertical axis affected recognition scores. Since the mul- 
tiple-choice arrays used in making a response were presented in a differ- 
ent orientation to each of four groups, the scores for the stimulus figures 
are presented separately for each group in order to evaluate any inter- 
actions between the orientation of the stimulus figures and the orienta- 
tion of the multiple-choice figures. 

Figure 2 shows the number of figures identified correctly when the 
distinguishing feature appeared at the top and at the bottom of each 
stimulus figure, for the four groups receiving the multiple-choice arrays 
in different orientations. It is clear that in every group, the figures were 
identified more frequently when the part necessary for recognition (the 
distinguishing feature) appeared at the top. These data were evaluated 
statistically by a two-factor analysis of variance with repeated measures 
over the variable of orientation of stimulus figures and independent 
measures over the orientation of the array figures. Only the orientation 
of the stimulus figures yielded a significant effect (F = 8.17, p < .01 for 
‘4s df). Although one might have anticipated that a congruence of ori- 
entation of stimulus and multiple-choice figures would have facilitated 
Tecognition, the interaction was not significant. The stimulus figures 
oriented with the distinguishing feature at the top were recognized best 
when the multiple-choice array was in the same orientation, but recog- 
nition of the figures with the distinguishing feature at the bottom ap- 
peared to be facilitated equally by multiple-choice figures in the "bot- 
tom’ and the ‘right’ orientations (Figure 2). 

f When the stimulus figures were presented horizontally, the orienta- 
tion of the figures did, somewhat surprisingly, affect recognition. As can 

seen in Figure 3, the figures were identified better when the distin- 
Euishing feature appeared at the right side of the figure. An analysis of 
Variance with the orientation of the stimulus and multiple-choice fig- 
Ures as the main variables indicated that the orientation of the stimulus 
figures barely reached a significant level (F = 4.19, for 14, df; p = .05 
Tequires a value of F = 4.20). The stimulus figures oriented with the 
distinguishing feature at the left were identified at a remarkably similar 
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Fig. 2. The number of items identified correctly by first-graders when the 
distinguishing feature appeared at the top or at the fokon of each stimulus, 
for each array group receiving the multiple-choice items oriented differently, 
Experiment II 


level in the different array groups, but recognition of the figures with the 
distinguishing feature at the right tended to be facilitated by a similar 
orientation of the multiple-choice figures, although, again, interaction of 
stimulus and array figures did not even approach a significant level. 


Discussion 


On the assumption that serial processing of form occurs at some level 
in the system, three predictive formulations were made of the nature of 
this processing in children above five years of age. The first formulation, 
that the processing occurs randomly from part to part, is not supported 
by the data, since recognition was better when the distinguishing feature 
appeared in some locations than in others. The second formulation, that 
processing proceeds as in young children, is clearly wrong, since even 
the presentation of relatively complex figures did not elicit better recog- 
nition for the phenomenally upright figures. The data support the third 
possibility, that serial processing starts from the top, as defined by the 
spatial framework, and presumably continues in a downward direction. 

This last interpretation implies that a specific developmental change 
occurs in one of the processes underlying form perception. Before the 
age of five years, serial processing appears to start at the focal feature 
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Fig. 3. The number of items identified correctly by first-graders when the dis- 
tinguishing feature appeared at the left or at the right of each stimulus, for 
each array group receiving the multiple-choice items oriented differently, 
Experiment II 


and to continue downward; after this age, the starting point becomes 
the top of the spatial framework. In more general terms, a directional- 
processing mechanism underlying shape recognition is influenced by a 
Specific characteristic (the focal feature) of the stimulus in the very 
young child—a form of stimulus-boundedness—whereas this mechanism 
becomes independent of the specific stimulus input around five years of 
age. 

The validity of this conclusion rests, however, on the somewhat shaky 
assumption that the results obtained with one set of figures with six- 
year-olds can be compared to the results previously obtained with a dif- 
ferent set of figures with younger children (Ghent and Bernstein, 1961). 
The developmental change proposed here must be demonstrated by 
different responses at different ages to the identical set of stimuli; the 
hext two experiments were concerned with this problem. 

Discussion of the unexpected finding that horizontally oriented figures 
Were identified better when the distinguishing feature appeared at the 
right than at the left will be delayed to the general discussion at the end 
of the paper. 


EXPERIMENT III 


The investigation of recognition in preschoolers using the figures used 
with the six-year-olds ran into problems. As might have been antici- 
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pated, the four-year-olds found the discrimination of one figure from 
another very difficult, even when the figures were presented for 1-2 see 
outside of the tachistoscope. A small group of subjects was trained to 
make accurate discriminations under these conditions, but these same 
children could not perform adequately under conditions of tachisto- 
scopic exposure. 

Since the use of the complex figures with three- and four-year-olds 
seemed doomed to failure, a simpler set of figures was designed. It was 
assumed that the difficulty was due mainly to the complexity of the focal 
feature, and figures were designed using simple focal features—an acute 
angle and a convex portion—both of which were predicted to be focal 
features on the basis of previous work (Ghent, 1961). Two families of 
figures were constructed, each family with a focal feature in common 
and with a feature to distinguish one figure from another placed at the 
opposite end of each figure. These families, shown in Figure 4, differ 
from the complex figures used in Experiments I and II in the nature of 
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Fig. 4. Two families of simple figures in the phenomenally upright orienta- 
tion; the numbers are the percentages of children judging the figures upright 
in the orientations shown, Experiment III 


the focal feature—which is, in fact, irrelevant to the discrimination of one 
figure from another. The present experiment tested the prediction that 
the figures would be judged upright when the assumed focal feature 
appeared at the top; this experiment was preparatory to using the fig- 
ures to investigate recognition. 


Method 


The subjects were 11 females and 12 males tested at a nursery school in 
Virginia that drew its population from a middle-class, predominantly white 
neighborhood. The mean age was 4:3 years, with a range from 3:3 to 5: 
years. All the subjects had spent at least one previous session with the eX 
perimenter, doing discriminations with unlimited exposure time of either the 
complex or the simple figures already described. 
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The experimenter and the child sat side by side facing a small table; the 
experimenter presented pairs of cards, and the child made his response by 
pointing to one of the cards. Members of each pair were identical except for 
their orientation, one member being presented in the assumed upright orien- 
tation and the other turned 180 deg (inverted). The cards were again held 
aei to the line of the child's sight rather than placed flat on the 
table, since incidental observations have suggested that judgments by pre- 
school children of ‘upright’ and ‘inverted’ are made more reliably in the 
frontal than the transverse plane. As each pair was presented, the child was 
asked to point to the one that was “upside down or looked wrong.” Five pairs 
of realistic figures were presented first: table, flowers, house, man, and cow. 
Then the 12 pairs of geometric forms shown in Figure 4 were presented, the 
peas being that the figures would be considered upside down when the 
ocal feature was at the bottom. The families were alternated, resulting in a 
fixed order that was presented in one sequence to half the subjects and then 
in the reverse sequence to the other half. The realistic figures always receded 
the geometric, and if a child made an error on these, he was corrected and the 
group of five realistic pairs was repeated before beginning the geometric 

gures. Eight children made one or two errors on the first presentation of the 
realistic figures. Five of these made no errors on the second presentation and 
were included as subjects, whereas the other three children made several 
errors on the second presentation of the realistic figures and were excluded, 
leaving a total of 20 subjects. 


Results and discussion 


The subjects considered all the figures upright with the focal feature 
at the top; the percentage of subjects making this judgment for each of 
the cards is shown in Figure 4. The high consistency of the judgments in 
the predicted direction indicates that this new set of figures fulfilled a 
main requirement for investigation of the effects of orientation on 
recognition. 


EXPERIMENT IV 


The developmental change in processing suggested earlier required 
that two specific predictions be met in this experiment.’ First, recogni- 
tion in three-year-olds should be better when the figures are presented 
in the phenomenally upright orientation—which, for these particular 
figures, means when the distinguishing features appear at the bottom of 
the figures, This prediction stems from the assumption that three-year- 
olds process a form by starting at the focal part and continuing down- 
ward: the presence of the focal feature at the top would be congruent 
with this order of processing and should facilitate perception of the dis- 
tinguishing feature. The second prediction is that recognition in older 
children should be better when the figures are presented with the dis- 
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tinguishing features at the top of the cards, since processing starts at 
the top first in older children. On the basis of previous data (Ghent and 
Bernstein, 1961), it was anticipated that the change should occur around 
five years of age. 


Method 


The subjects were tested in a nursery school in Arlington, Virginia, that 
served a predominantly white and aep clas population. Work was begun 
with 42 duldien, but 6 children, all less than 4:4 years, did not complete the 
tachistoscopic procedure and their data are excluded from all computations. 
The youngest group had 10 children in the age range 3:1-3:11 years; the 
intermediate group, 10 children 4,0-4:5 years; and the oldest group, 16 chil- 
dren 4:6-5:1 years. 


— Nontachistoscopie exposure—Because of the difficulty of the discrimina- 
tion required, a training session was given first, in which the stimuli were 
e for 1-2 sec. The experimenter and the child sat side by side in front 
of a small table on which was placed a small stand for holding the multiple- 
choice cards. A series of ten easily discriminated realistic and geometric fig- 
ures was presented first. A card with a single figure was placed in the hand of 
the child, he was allowed to hold it for 1-2 sec, then the card was taken away 
and a larger card containing four multiple-choice items was placed on the 
stand close to the child ait he was asked to point to the picture he had just 
held. If he had any difficulty, he was allowed to compare the stimulus and 
multiple-choice card simultaneously early in the training session, but not 
later. ph xci pb AR and aided to make sure that they gu 
stood the task; such help was necessary mainly fo ungest group 0! 
den. P ry yy for the youngest group 
After the set of easily discriminated forms was mastered, the set of 12 
figures shown in Figure 4 was presented, each figure appearing once in the 
upright orientation and once in the upside-down orientation. Again, the child 
responded by selecting one of the four figures of the same family presented 
on the multiple-choice card; the figures were the same size as the stimulus 
figures. The four figures appeared on the multiple-choice card in a diamond 
configuration (at the top, bottom, left, and right corners of the diamond), 
which seemed to elicit fewer response biases than presenting the items in à 
row or a column. A different multiple-choice array was made for each stimu- 
lus card; the arrays for all subjects were presented in the phenomenally 
saat mi orientation for this phase of the training (primarily as a matter 
of convenience). j 
The subjects were trained to a criterion of six correct of the last eight pres- 
entations and were then considered ready to go on to the tachistoscopic pro 
cedure, which was done at a subsequent testing session one or two days later. 
Two subjects in the oldest group did only half the test items under conditions 
of long exposure, because they achieved perfect scores for both the test items 
and the easily discriminable forms presented first. 


— Tachistoscopie exposure—A Keystone projection tachistoscope, fitted with 
an Ilex shutter, projected the stimuli from behind a rear-projection screen. 
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The subject sat directly in front of the screen, 50 in. away from it, and the 

rimenter sat at the child's side, in a position to watch his eyes and to 
place a multiple-choice array on the stand slightly to the side of the child. A 
small, 2-in., square was outlined with fine black tape on the screen, and the 
E was told to look there before each exposure. The figure itself was 1% 
in. long, subtending a visual angle of 1.7 deg. A series of geometric figures, 
similar to those used during the training period, was used for practice, and 
they were presented in two orientations. During the practice series, an ex- 
posure duration was identified, for each child, at which approximately half 
the items were identified correctly, and this exposure was used for presenta- 
tion of the test items. The exposure duration was constant for a given child 
for the test figures but varied from child to child in order to achieve a com- 
parable level of performance in the different age-groups. In the youngest 
group, two were tested at 1% sec, six at Yio sec, and two at Ys sec. In the inter- 
mediate group, four were tested at Yo sec, four at %5 sec, and two at Yo sec. 
In the oldest group, one was tested at Yo sec, eight at %s sec, five at Yo sec, 
and two at Yon sec. Previous studies have also found that the exposure dura- 
tion required for a given task varies inversely with age in children (Ghent, 
1960; Ghent and Bernstein, 1961). 

The stimulus figures were divided into two groups of six figures, three from 
each family, each presented once upright and once inverted in a semirandom 
order. A group of 12 trials was presented, then testing was stopped and the 
child and the experimenter played together (with play dough, or crayons, or a 
small car) for 5 min or less, after which the chil either continued with the 
second group of figures or left the testing situation, to return in the next day 
or two to complete the second group of 12 items. If a second session was re- 
quired for the test figures, the practice set of items was used again. Only ten 
subjects, seven of them from the youngest group, required two separate ses- 
sions for the tachistoscopic presentation of the test items. The subjects in each 
age-group were balanced with respect to the group of items and orientation 
seen first. The items in the multiple-choice arrays were in the upside-down 
orientation for the two groups of younger subjects (an orientation which 
might decrease the predicted effect); in the group of older subjects, half re- 
ceived the arrays in the upright orientation and half in the upside-down 
orientation. Previous work has indicated that array orientation is not a signifi- 
cant variable for preschool subjects (Ghent and Bernstein, 1961). 

In contrast with previous work, the subjects were rewarded for correct 
oo during tachistoscopic exposure of both practice and test items, in 
order to make the procedure more attractive to the younger subjects. A small 
wooden holder with four holes was placed in front of the child, and he re- 
ceived a marble to place in one of the holes for each correct response; a full 
holder of marbles was then exchanged for a small candy. 


Results 


The necessity for preliminary training before tachistoscopic testing 
Provided the opportunity to compare the effects of orientation on recog- 
nition under two conditions: with a relatively long exposure duration, 
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and with a brief exposure duration that did not allow eye movements. 
According to the line of thought developed thus far, recognition should 
be influenced only under the condition of brief exposure, since unlimited 
exposure would allow the subject to move his eyes over the whole stimu- 
lus and examine all parts. 

First, the results on the long exposure. As anticipated, the orientation 
of the stimulus figures did not affect accuracy of recognition at any age. 
The numbers of items correctly identified in the upright and inverted 
orientations were, respectively, 6.1 and 6.4 for the youngest group, 8.1 
and 8.0 for the intermediate group, and 8.9 and 8.0 for the oldest group. 
(The maximum score for each orientation was 12.) It is clear that per- 
formance improved with age; this improvement may be even more 
marked than these scores show, because the younger children were often 
given more than one training session and the scores for the last session 
were used. 

An unexpected finding was that the two families of figures were not 
identified equally well, the family of triangular figures being consider- 
ably easier than the family of mushroom-shaped figures for all age- 
groups. The numbers of items correctly identified for the triangular and 
mushroom-shaped families were, respectively, 6.9 and 5.5 for the young- 
est group, 8.9 and 7.2 for the intermediate group, and 9.9 and 8.0 for 
the oldest group. For the group as a whole, 26 subjects achieved higher 
scores for the triangular items than for the mushroom-shaped items, 1 
showed equal scores, and 7 achieved higher scores for the mushroom- 
shaped items (x? = 10.62, p < .01). 

Next are the results on the tachistoscopic exposure. Under this con- 
dition, the orientation of the stimulus figures did affect accuracy of rec 
ognition, and furthermore, the nature of the effect changed with age, as 
Figure 5 demonstrates. The youngest group of children recognized the 
upright figures (focal feature at the top) better than the same figures 
in the inverted orientation (t = 3.19, df = 9, p < .02). The oldest group 
of subjects, on the other hand, showed better recognition for stimulus 
figures in the inverted orientation (distinguishing feature at the top) 
than for those in the phenomenally upright orientation (t = 5.62, df = 
15, p < .001). The children of intermediate age showed no consistent 
effect of orientation, presumably because the group was in the state of 
transition. 

As in the condition of long exposure, the orientation of the multiple- 
choice figures did not seem to influence performance. The youngest and 
intermediate age-groups received the multiple-choice items only in the 
inverted orientation, yet recognition was not better for inverted stimuli. 
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Fig. 5. The number of items identified correctly by three different age-groups 
when the stimuli were presented in the upright and upside-down orientations 
(distinguishing features at the bottom for the upright stimuli and at the top for 
the upside-down stimuli), Experiment IV 


Results for the oldest group provide the most direct test of the effect of 
the multiple-choice items on recognition of the stimulus figures, since 
half the group received the multiple-choice items only in the upright 
orientation, the other half only in the inverted orientation. For the sub- 
jects receiving the upright multiple-choice items, the number of correct 
identifications was 6.1 for the upright stimuli and 7.8 for the inverted 
stimuli. For the subjects receiving the inverted multiple-choice items, 
the number of correct identifications was 6.9 for the upright stimuli and 
8.9 for the inverted ones. 

Again, a marked difference appeared in the ease with which the two 
families of figures were recognized. The numbers of items correctly 
identified for the triangular and mushroom-shaped families were, re- 
Spectively, 8.8 and 6.0 for the youngest group, 9.1 and 7.0 for the inter- 
mediate group, and 8.5 and 6.4 for the oldest group. For the group as a 
whole, 26 subjects achieved higher scores for the triangular items than 
for the mushroom-shaped items, 5 showed equal scores, and 5 achieved 
higher scores for the mushroom-shaped items (x? = 12.25, p < 01). 


Discussion 


The results support the two predictions made on the basis of previous 
Work. That is, very young children identified geometric shapes better 
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when the shapes were presented in the phenomenally upright orienta- 
tion. And at a later age, children identified the shapes better when the 
relevant cue was at the top regardless of whether the figure was phe- 
nomenally upright or upside down. 
As would be anticipated, this change with age appeared only under 
conditions in which the effect of a temporospatial processing could be 
expected to manifest itself. With prolonged inspection, the subjects 
would be able to move their eyes over the whole stimulus, and the loca- 
tion of the distinguishing feature should not have any effect on recogni- 
tion. With brief exposures of the whole shape in central vision, the spa- 
tial location of the distinguishing feature would determine the order in 
which this cue was processed, and hence would affect recognition. The 
change with age observed with brief exposures has been interpreted as 
reflecting a change in the starting position of a serial-processing mech- 
anism; processing tends to go in a downward direction, and the starting 
position changes from the focal feature to the top of the figure as defined 
by the spatial framework. 

Another way of describing this change is to say that processing starts 
at the top and continues downward in both young and older children 
but that the definition of the phenomenal top changes with age. For the 
very young child, the top is defined by the feature characterizing the 
top of the figure, whereas for the older child, the top is defined by the 
spatial framework. Such a formulation has the attraction of simplicity, 
since the processing rule would remain the same at different ages but 
the definition of one of the variables would change with development. 

The problem with this last formulation is whether there is an unam- 
biguous way to designate the phenomenal, or apparent, top of a figure. 
For example, if asked to point to the top of an inverted picture ofa 
person, one might point to the head portion (top of the figure defined 
by a feature) or to the feet portion (top defined by the spatial frame- 
work). The decision to make one or the other judgment would depend 
more on a cognitive assessment of the requirements of the task than on 
an appearance of ‘top.’ (It is assumed that these alternatives are available 
to the older child and adult but that the young child can judge only ‘top 
defined by a feature.’) Because of the difficulty in defining the phenom- 
enal top of the figure for the older child, the developmental change will 
be described as a change in starting at the focal feature to starting at 
the top as defined by the framework. 

An unexpected finding of the present experiment was the difference in 
difficulty level between the two families of figures under conditions of 
brief and long exposure durations. Although the distinguishing features 
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were almost identical in the two families and although the perimeters 
of the families were comparable, there were two differences between the 
families that could influence discriminability. One was that the propor- 
tion of the perimeter occupied by the distinguishing feature was much 
greater in the triangular family; the other was that only one turn, or 
angle, appeared in the common feature of the figures in the triangular 
family (the ‘family feature’), whereas two angles appeared in the fam- 
ily feature of the mushroom-shaped figures. In an unpublished study 
designed to investigate whether the difference in the family feature was 
sufficient to produce a difference in recognition, new figures were made 
in which the distinguishing features, or relevant cues, were identical in 
size and shape for both families.? In a group of 26 three- and four-year- 
olds, the triangular figures were identified more often than the mush- 
room-shaped ones (x* = 4.65, p < .05). Again, recognition was poorer 
for the figures with more turns in the family feature, even though the 
family feature was irrelevant to identification under the conditions de- 
scribed, Similarly, it will be recalled that the figures used in Experiment 
IV represent a simplification of an irrelevant cue (compare the family 
features in Figures 1 and 4), yet this change was sufficient to make the 
figures discriminable by three- and four-year-olds under tachistoscopic 
conditions. The observation that an irrelevant part of a stimulus influ- 
ences recognition in the young child is consistent with an earlier proposal 
(Ghent, 1960) that young children have difficulty using a part cue to 
identify the whole figure: the whole figure must be processed for 
identification to take place. Evidence that young children have difficulty 
in using a part cue has also been provided by Goldstein and Macken- 
berg (1966). 


EXPERIMENT V 


This experiment extended the work on identification of geometric 
shapes to adults and asked whether recognition is influenced by the 
orientation in which the shapes are presented. The approach to the 
problem was essentially that used with the first-graders in Experiment II. 


Method 


The subjects were 32 male and 48 female college students, most of them 
undergraduate volunteers from an introductory class in psychology at George 
Washington University. Sixty-nine of them were right-handed and 11 were 
left-handed, the criterion being the hand used for writing. 
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The figures were the ten complex figures (Figure 1) presented to the first- 
graders in Experiment Il. The figures were presented tachistoscopically in 
each of four orientations such that the distinguishing feature appeared at 
the top, the bottom, the left, or the right of the figure. The 40 items were 
arranged in a semirandom order in four different sequences. The subjects 
responded by selecting the item just seen from an array of 6 items of the 
appropriate family; the multiple-choice arrays were presented to the subject 
in the form of a booklet and he circled the figure he had just seen. As with 
the children, four sets of multiple-choice arrays were used, each set being 
oriented to correspond to one of the orientations of the stimulus figures (all 
items with the distinguishing feature at the top, all with the distinguishing 
feature at the bottom, all with the distinguishing feature at the left, and all 
with the distinguishing feature at the right), Thus the orientation of all the 
multiple-choice items was the same for any particular subject but differed 
among groups, whereas the stimulus fi s appeared in each of the four 
orientations for all subjects regardless of group. Within each multiple-choice 
group, the subjects were counterbalanced with respect to the sequence of 
presentation used and to sex. 

The subject sat before a table on which was placed a multiple-choice book- 
let. On another table straight ahead, 87 in. away, was a milk-glass screen 18 
by 19 in. on a side, with a small, 214-in., square outlined in fine black tape 
somewhat above the middle of the screen, approximately at the subject's eye 
level. The stimuli were projected from behind the screen by a Keystone pro- 
jector fitted with an Ilex shutter. The image sizes averaged 154 in. for the 
long axes and subtended a retinal angle of approximately 1 deg. Ambient light 
was kept constant by drawing the window shades and leaving one of the 
overhead room lights on. 

. A set of 16 practice items always preceded the test items. The practice 
items, the same as those used with the six-year-olds, consisted of two families 
constructed so that the members of each family were alike on three sides and 
differed on the fourth side. The multiple-choice arrays for these items consti- 
tuted the first 16 pages of the subject's response booklet, and from his point 
of view, this first set of trials did not differ from the next set except in the 
families of figures presented, Before the practice trials, he was told that geo- 
metric forms would appear in any of four orientations, in a random order, ant 

that he was to try to find the correct figure in the multiple-choice array, dis- 
regarding orientation. After each trial, he turned the page in the booklet and 
circled his choice; he was not informed of the accuracy of his choice. He was 
told not to rotate the booklet and to proceed to the next page only after the 
stimulus had been presented. Before each trial, he was told to Took at the 
square where the stimulus would appear. Except for some early practice trials, 


the practice figures and the test figures were presented at ‘400 sec for all 
subjects. 


Results and discussion 


The main question is whether the orientation of the stimulus figures 
had any effect on recognition. For the vertically oriented figures, recog- 
nition was markedly better when the distinguishing feature appeared at 
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Stimulus Orientation 
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Fig. 6. The number of items identified correctly by college students when 
the distinguishing feature appeared at the top or at the bottom of each 
stimulus, for each array group receiving the multiple-choice items oriented 
differently, Experiment V 


the top of the figure than when it appeared at the bottom. Figure 6 shows 
the mean number correct for the two orientations for each of the four 
groups receiving the multiple-choice arrays in a different orientation. 
Àn analysis of variance evaluated the effect of stimulus orientation (re- 
peated measures) and array orientation; only the stimulus orientation 
exerted a significant effect (F = 33.5, p < .01 for 4» df). 

For the figures oriented horizontally, recognition was better when the 
distinguishing feature appeared at the left, as can be seen in Figure T. 
Although a visual comparison of the scores for the groups shown the 
left and right arrays suggests that identity of orientation between stimu- 
lus and array figures facilitated correct identification, the analysis of 
variance did not yield a significant interaction between array and stimu- 
lus orientation; the only significant effect was that of stimulus orientation 
(F = 7,31, p < .01 for 17» df). 

The males and females showed the same patterning of scores with 
respect to the effects of orientation, but the various subgroupings of 
females usually showed higher total scores than the males. The mean 
total score for the females was 16.3 correct and that for the males was 
13.1 (t = 2.10, p < .05). This result is somewhat surprising, since two 
previous studies—one with college students (Braine, 1965) and one with 
children (Ghent, 1960)—revealed significantly better performance by the 
males; but these latter studies used realistic figures with multiple distin- 
Buishing features. 
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Fig 7. The number of items identifed correctly by college students when 

the distinguishing feature appeared at the left or at the right of each stimu 

lus, for each array group receiving the multiple-choice items oriented differ- 
V 


ently, Experiment 


Previous work on the relation between recognition and stimulus ori- 
entation has focused on the question of whether an unfamiliar orienta: 
tion impairs recognition of geometric shapes (Dearborn, 1599; Rock, 
1956; Rock and Heimer, 1957) or of representational shapes such as pic 
tures (Gibson and Robinson, 1935; Rock, 1956; Rock and Heimer, 1957) 
and letters (Kolers, 1968; Kolers and Perkins, 1969a; Kolers and Perkins, 
1969b). It is clear from the data of Experiment V that recognition of 
geometric shapes by adults can be influenced by stimulus orientation in 
the absence of familiarity effects. In fact, it could be claimed that a fa- 
miliar orientation was induced by the orientation of the figures in the 
multiple-choice array, yet an identity of orientation between stimulus 
and array figures did not facilitate recognition. The finding that orienta- 
tion influences recognition in the absence of familiarity effects is con- 
sistent with the view that a serial-processing mechanism in form percep- 
tion has a directional component. 


GENERAL DISCUSSION 


The three experiments using brief exposure durations of stimuli re- 
vealed that a major change occurs around four years of age in the role 
played by stimulus orientation in the recognition of geometric shapes- 
Three-year-olds recognized forms most readily when the forms were 
phenomenally upright, regardless of what part of the form contain 
the discriminandum, whereas five-year-olds and older subjects recog- 
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of the figure, regardless of the phenomenal orientation of the figure. 
ie data also suggest that another change occurs, some time after seven 
urs of age, in the discriminability of the two sides of horizontally 
ted figures, but this change is less clear and was less well docu- 


"The discussion that follows will focus on four issues raised by these 
sults. First, alternative interpretations for the older subjects’ better 
pgnition for the top of the figure will be considered, interpretations 
shich involve the factors of attention and acuity, Second, the systematic 
dies of Rock and his colleagues on the relation between the orienta- 
ion of a form and its recognition will be discussed in light of the present 
dings. Third, the developmental change in recognition of the distin- 
feature at the left and right sides of the figure will be related 
b results obtained by other investigators and to some cross-cultural 
material. Finally, the discussion will tum to the somewhat vexing prob- 
of the definition of the ‘focal’ feature. 


ive interpretations 


“It may be thought that the present findings in adults are not new, 
since many studies have found that items appearing in the upper part of 
an array arc identified more often than the items appearing in the lower 
art (Harcum, 1964; Heron, 1957; Kimura, 1959; Takala, 1951)? In gen- 


of separate items. The present results cannot be accounted for in 
h terms. A single figure was presented, the figure was unfamiliar, and 
one specific portion of the figure had to be perceived for identifica- 
of the whole figure. It seems clear that factors such as order of 
ort, strategies for organizing or remembering a series of items, or 
habits developed for alphanumeric material cannot be invoked. 
- Itmight be claimed that there is some mysterious tendency to "attend" 
to the top of a figure, but there is evidence against this interpretation by 
"tion, at least in the simple meaning of the word. Both Sperling 
960) and Mewhort (1967) found better recognition for the top line 
of an array of letters, even when the method of partial report was used— 
method which controlled order of report and attentional factors, since 
subject was told to which line to direct his attention on each trial 
Also, in an unpublished study by L. Humphrey in the author's labora- 
ory, instructions to attend to the bottom of the figure did not reverse 
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accuracy scores for figures with the distinguishing features presented at 
top and at bottom. Invoking attention as something not characterized 
by voluntary control becomes problematical, because then it may not be 
possible to separate attentional and perceptual mechanisms. For exam- 
ple, if attention to the top of a figure is obligatory, then attention to the 
top would be indistinguishable from pattern processing that started at 
the top. Some of the contemporary views of attention (Neisser, 1966) 
explicitly propose that attention is the manifestation of a particular kind, 
or level, of pattern processing. 

Another interpretation of the greater identifiability of the feature at 
the top of the pattern is that acuity is greater for the upper visual feld 
than the lower. Since the stimuli used in this and other studies have ap- 
peared in the center of the field, the results could be due to the nature 
of pattem processing or to differential acuity. Although standard texts 
do not refer to any differences in acuity between the fields, Weymouth, 
Hines, Acres, Raaf, and Wheeler (1928) did report that acuity was better 
in the upper field for distinguishing the orientation of gratings exposed 
for .10 sec.* 

Yet, the results of other studies in which stimuli have been presented 
separately to upper and lower fields do not present a consistent picture. 
Mishkin and Forgays (1952) reported that identification of words was 
significantly better in the lower visual field than the upper. Two subse- 
quent studies did not replicate this finding (DeYoung, 1961; A. Sheldon, 
unpublished study done at George Washington University). A recent 
investigation of this problem with geometric shapes (Humphrey, 1970) 
yielded complicated results: recognition was better in the upper field, 
but this effect was related to the orientation of the multiple-choice array. 
The question of whether the upper and lower visual fields differ, either 
in the perceptibility of patterns under conditions of limited exposure or 
in acuity, or both, is not yet answered. 

Several other considerations speak against interpreting the greater 
identifiability of the feature at the top as due primarily to an acuity dif- 
ference. First, the presence or absence of a fixation point does not appear 
to affect the results obtained with geometric figures (unpublished work). 
which is surprising if small differences in acuity between the fields are 
indeed critical in producing differences in identifiability between the top 
and bottom parts of a figure. Second, the developmental data are diff- 

cult to account for in terms of acuity differences. Three-year-olds identi- 
fied the figures better when the distinguishing feature appeared at the 
bottom of the pattern (presumably in the lower visual field), since this 
particular orientation was perceived as upright by the child. If differen- 
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recognition for figures in various orientations were the reflection of 
acuity differences, then one would have to conclude that acuity is better 
the lower visual ficld in young children, and then changes abruptly 
‘to better acuity in the upper field between four and five years, 
Since the alternative explanations of attentional or acuity differences 
do not seem satisfactory, it is concluded that the better recognition for 
ithe top part of a pattern (in subjects of five years and older) is due to à 
erial-processing mechanism. It might be thought that serial processing 
‘that goes from top to bottom derives from a reading habit, but the re- 
ulis speak strongly against this interpretation. First, the greater per- 
-eeptibility for the top did not depend on the use of letters or numbers 
‘but appeared for a single unfamiliar geometric shape. Second, and more 
importantly, the effect appeared abruptly in children between four and 
five years, and was as strong in subjects of six years as in those of college 
It could be argued, as has been done in another context (Ghent, 
1961), that the tendency to process from the top of the pattern itself 
‘provides the basis for the apparently universal tendency to read by 
starting at the. top. 


Studies of Rock et al. 
~The particular figures used in Experiments I-V permit comparison of 
the effect of two factors on recognition: the phenomenal uprightness of 
the figure and the position of the distinguishing feature. The data show 
that the figures used here were phenomenally upright for children when 
the family (or focal) feature was at the top; and similar judgments were 
from a small group of college students (unpublished). Never- 
‘theless, recognition by subjects older than four years was better when 
the distinguishing feature was at the top, which was the phenomenally 
upside-down orientation for the particular figures used here. This appar- 
ent irrelevance of the phenomenal upright conflicts with the view of 
Rock and his colleagues (Rock, 1956; Rock and Heimer, 1957; Rock and 
Leaman, 1963) that recognition in adults is impaired when the phe- 
nomenal top of the figure is not at the top of the phenomenal spatial 
framework. There are many reasons for the difference in view; perhaps 
the most important one is that the two sets of experiments were oriented 
toward different questions. 
Rock, starting from the everyday experience that a change in orienta- 
tion changes the appearance of the form, selected forms for which rec- 
E was impaired when the figure was disoriented, and he asked 


"Whether that impairment was due to disorientation with respect to 
the retina or to the environment. The question of how, or why, disorien- 
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tation of the figure impairs recognition, regardless of which frame of 
reference was used, was not a primary concern. 

By contrast, the burden of the argument here is that the effect of orien- 
tation on recognition is related to the specific characteristics of the fig- 
ure; that is, some orientations place the relevant cue in locations that 
facilitate recognition, and other orientations do not. A somewhat similar 
point has been made by Kolers and Perkins (1969a, 1969b) on the recog- 
nition of English letters. This view also requires an answer to the ques- 
tion of what framework—retina or environment— defines the ‘top’ from 
which serial processing begins, but it further asks how particular char- 
acteristics of shapes interact with certain frameworks. 

The other major difference in point of view between Rock's work and 
the present work is that Rock et al. seem to assume that a change in the 
phenomenal appearance of a form necessarily entails a change in the 
identifiability of the form. In their experiments, they asked whether a 
shape presented in one orientation is recognized, in general, when it is 
presented subsequently in a new orientation. Their subjects’ responses 
could have been based on a judgment of phenomenal similarity (‘this 
picture of a cat looks the same as it did before’) or of identification (‘this 
picture is a cat’). By contrast, the experiments above asked only for the 
identification of a shape presented in different orientations; for exam- 
ple, the subjects were specifically instructed to ignore the difference 
in phenomenal appearance between the stimulus and multiple-choice 
items, and to pick the item of the same form as that just seen. This as- 
sumes that some changes in phenomenal appearance of a form may occur 
without concomitant changes in identifiability. The issue is discussed 
in detail in another paper (Braine, in preparation), where it is argued 
that a change in the orientation of a figure is always associated with a 
change in the phenomenal appearance of the figure for the adult but 
that whether or not identifiability is affected depends on the nature and 
location of cues available for identifying the figure. 

In addition to differences in the questions asked, there were many 
procedural differences between the two sets of experiments. In most of 
the experiments by Rock et al. their subjects had no information on the 
orientation of the stimuli to be presented and likely implicitly assumed 
that the pictures would be presented in their usual orientations. That in- 
correct assumption could produce the impairment in recognition found 
when the top of the stimulus does not coincide with the phenomenal top 
of the framework (see Braine, 1965). Another ambiguity in the task oc- 
curred when standard stimuli were presented in one orientation but 

comparison stimuli in two orientations, allowing the subjects the option 
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of rejecting a comparison figure that was recognized as the same shape 
as the standard but as different in orientation. Although Rock acknowl- 
edged this problem, the procedure subsequently employed (Rock and 
Heimer, 1957) did not appear to eliminate the ambiguity of whether the 
response reflected recognition of a form or recognition of a form in a 
specific orientation. 


Horizontally oriented figures 


With the long axis of the figure horizontal, college students identified 
the figures better when the distinguishing feature appeared on the left 
side of the figure than on the right. This finding may not seem new, since 
it does have a parallel in two other sets of work: the studies of Takala 
(1951), and those of American investigators such as Bryden (1966), Har- 
cum (1964), Heron (1957), and Kimura (1959). Takala conducted a most 
thorough and inventive analysis of anistropies of visual space, and con- 
cluded that the upper and left portions of space are favored with respect 
to the memory for items in these portions of the field, rotations of figures 
in reproduction, judgment of movement, their role in ambiguous figures, 
and so on. American investigators have reported better identifiability for 
items located in the left part of an array of items, usually letters. 

However, the point made earlier for the vertically oriented figures 
must be made again: differential recognition found in studies using an 
array of items and involving the report of multiple items is probably due 
to an unknown combination of perceptual and response factors. The 
unique aspect of the finding reported in this paper is that differential 
recognition appeared even when a single, geometric, unfamiliar figure 
was used; it is likely that perceptual discrimination itself was better for 
the left side of the figure. In analogy with the line of thought developed 
for the vertically oriented figures, the better recognition of the left would 
be due to serial processing beginning with that side. Such a tendency 
would seem very natural to readers or writers of English and could be 
attributed to a reading habit. However, this point has been investigated 
directly by testing recognition in Israelis whose native reading language 
proceeds from right to left, with the surprising finding that better recog- 
nition appeared on the left in these college students too (Braine, 1968). 
The situation is further complicated by the findings on children. 

For example, American first-graders showed a slight tendency to dis- 
criminate the distinguishing feature more often when it appeared on the 
right (Experiment II); the same effect was shown by Israeli children 
from elementary school (Braine, 1968); and Dyer and Harcum (1961) re- 
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ported that first-graders identified the right side of binary patterns bet- 
ter than the left side. These developmental changes could be accounted 
for by assuming that there is a tendency to process horizontally oriented 
stimuli in a rightward direction and that the starting position changes 
with age (Braine, 1968). For the adult, the starting position would be at 
the extreme left of the pattern, whereas for the children, the starting 
position would be the center of the figure or wherever fixation happened 
to be at the time of the exposure. The view is very similar to that pro- 
posed to account for the developmental changes observed for the verti- 
cal axis, although the ages of transition are very different. The analogy 
would be complete if it could be assumed that a focal feature deter- 
mined the starting position for the horizontal axis in children, but there 
does not seem to be any evidence for this assumption. 

The superficial similarity of the developmental data for vertically and 
horizontally oriented figures might permit a common interpretation for 
both cases. But despite the attraction of this parsimonious approach, and 
my earlier espousal of it (Braine, 1968), several aspects of the data make 
it unlikely that the same processes underlie the two lines of develop- 
ment. First, the difference in recognition for the top and bottom is a 
much more robust effect than is the difference for the left and right; a 
similar conclusion has been drawn by Takala (1951) on the basis of a 
much wider range of stimulus materials. Secondly, the age at which the 
starting position is defined by the spatial framework is very different for 
vertically and horizontally oriented figures. Finally, the focal feature of 
a horizontally oriented figure does not appear to influence either recog- 
nition or judgments of the phenomenally ‘right’ orientation of a hori- 
zontal figure. There would seem to be no reason for these differences 
between horizontally and vertically oriented figures were the serial- 
processing mechanisms the same in both cases (except for a difference in 
the directionality of the processing). Although an alternative model to 
account for the results with horizontally oriented figures would be de- 
sirable, none seems available. 


Definition of the ‘focal’ feature 


The term ‘focal’ plays a central role in the theory of the serial process- 
ing of form by very young children. The concept first arose in an at 
tempt to explain the observation that young children consider some 
geometric shapes upright in one orientation and upside down when 
turned 180 deg. The only explanation that appeared to account for these 
earlier data was that the child judged a form to be upright when the 
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feature that appeared to be salient was at the top of the figure or the 
card. 

The alternative explanation most commonly offered is that forms are 
judged upright when in a position of maximum stability, and this inter- 
pretation might indeed account for the judgments of the distinguishing- 
feature figures described in the present paper. However, the notion of 
'stability—not easily definable itself—could not also encompass the 
judgments of cards described in earlier work (Ghent, 1961). 

First, most of the cards in the 1961 study were such that there was no 
a priori basis for considering one orientation more stable than the other. 
For example, circular figures were judged upright significantly often in 
one orientation, although the figure would be expected to ‘fall over’ in 
both directions. Similarly, cards containing a dot or a line were con- 
sidered upright with the figure in the upper part of the card rather than 
the lower; a single vertical line was considered upright when the line 
was differentiated (by another line or gap) in the upper part rather than 
the lower part; and a card was considered upright when the card as a 
whole was differentiated in the upper rather than the lower part (see 
Ghent, 1961, Figure 2). Yet it is difficult to see why differentiation in the 
upper part of the card should favor stability. 

Second, there were some judgments of uprightness clearly contrary 
to those predicted on the basis of stability. At least four cards were of 
this kind (Ghent, 1961, Figure 1, items 3, 7, 9; Figure 2, item 10), and 
several others could be included in this category if the assumption were 
made that a black portion is perceived as heavier than a white portion. 
In addition, there were four pairs of figures in which one member of each 
pair was unequivocally more stable than the other member (since one 
was a variation on a square and the other was the identical variation on 
a circle), yet the responses were similar to both members of the pairs. 

One of the main justifications for the use of the term ‘focal’ is that it 
can be defined in a principled (nonintuitive and noncircular) manner for 
very simple stimuli: the focal feature is the one differentiating feature in 
an otherwise homogeneous figure or card. Stimuli designed on the basis 
of this a priori definition of focal were indeed judged to be upright when 
this focal feature appeared at the top (Ghent, 1961, Figure 2), an out- 
come which, as mentioned above, could not be predicted on the basis of 
stability. Also, the judgments were not unique to American children but 
were replicated with Iranian preschool children (Antonovsky and Ghent, 
1964). By extension, the focal feature for complex figures can be defined 
functionally—behaviorally—as whatever kind of feature the young child 
prefers at the top. 


184 BRAINE 


On the basis of this functional definition, then, a partial enumeration 
of focal features is possible for figures symmetrical about the vertical 
axis: convex curves pointing upward, in contrast to emptiness or straight 
lines; angles pointing upward, in contrast to emptiness or straight lines; 
straight horizontal lines, in contrast to emptiness; and patterned portions, 
in contrast to plain portions. Several other contrasts could be made, since 
the definition of the focal feature is, in part, a relative matter, but con- 
siderably more data are required in order to establish a reliable hierar- 
chical ordering. It is tempting to try to define the focal feature as the part 
that is most complex, complexity being defined either by the number of 
turns or by the amount of contour. However, some of the figures reported 
in this paper indicate that the more complex portion is not necessarily 
the focal feature (Figure 1, last two items in third family; Figure 4, last 
item in each family). 

In addition to the fact that ‘focal’ can be defined for at least simple 
stimuli, the concept provides a basis for interpreting the preferences for 
orientation in the context of a theory of form perception rather than as 
aberrations of childhood. For the young child, a figure is upright when 
the orientation conforms to, or facilitates, serial processing of the parts 
in the preferred order, namely, downward from the focal feature. A fig- 
ure is upside down when the orientation opposes, or is incongruent 
with, the preferred order of processing. This interpretation led to the 
experiments on recognition reported here. If the studies on recognition 
were to be considered without reference to the judgments of orientation, 
it would be possible to dispense with the term "focal, but there would 
be considerable loss in the range of data accommodated. 


In conclusion, this paper has presented a developmental analysis of 
the effect of stimulus orientation on the recognition of a certain type of 
geometric shape. The point of view developed assumes that a serial- 
processing mechanism operates in form perception, and proposes that 
this processing is directional rather than random. Directionality is di- 
vided into two aspects: a starting position, and a direction of subsequent 
processing of the parts. For figures in which the main axis is vertical, 
processing proceeds in a downward direction, and the starting position is 
the focal feature for the very young child and the top of the figure for 
the older child and adult. This line of thought has implications for the 
way in which orientation may influence the phenomenal appearance, 
and the identifiability, of a form; these implications will be discussed in 
another paper. 
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1. A brief report of the tachistoscopic results of Experiment 1V appeared 
in Psychonomic science, 1965, 2:155—156. 

2. I am much indebted to Mrs. Robert Headley, who undertook the in- 
vestigation of this problem. 

3. Better recognition for the upper part of a display or of the visual field 
also seems to have been found by Wolford, Wessel, and Estes (1968), but 
these authors considered their results specific to their displays. 

4. Thanks to Mrs. Linda Humphrey for bringing this reference to my 
attention and for providing many stimulating discussions on the problem of 
differential acuity in the two fields. 

5. If future work should indicate that patterns presented opus to 
upper and lower fields are identified more readily in the upper field, that find- 
ing could be incorporated into the line of thought already develo) ed by 
redefining the ‘top’ for serial processing as the top of the visual field rather 
than the top of a particular figure in the field. Then serial processing would 
always start in the upper field, and the trace of a figure presented in the lower 
field would be processed later in the sequence than a trace in the upper field. 

6. The developmental change would be interpreted in the same way as 
that proposed for horizontally oriented figures. Downward processing for the 
young child would start at the center of the figure or wherever fixation kap 
pened to be at the time of exposure, whereas downward processing for the 
older child and adult would start at the top of the pattern. 
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EXAMINATIONS OF THE 
CATEGORY-RECALL FUNCTION 


Robert M. Schwartz and Michael S. Humphreys 
University of British Columbia 


With experimentally paced presentation, subjects allowed to choose their 
number of categories dowd a category-recall function of less magnitude 
than has been reported with self-paced tasks, and subjects assigned their 
number of categories showed little evidence of the function. Individual dif- 
ferences in categorization accounted for some of the variance, but individual 
differences in recall ability accounted for more. 


Tulving (1962) found that in multitrial free recall, increases in or- 
ganization over trials parallel increases in recall performance and that 
subjects who show high organization recall more than subjects who 
show low organization. These findings led Tulving to conclude that 
organization is an important determinant of recall performance. 

However, because Tulving's findings were correlational, it is possible 
that there is a third variable which affects both organization and recall 
performance. Earhard suggested that organization may reflect some in- 
dividual-differences variable, and he supported this suggestion by show- 
ing that when organization was measured independently on a free-recall 
task, those organization scores predicted performance on both paired- 
associate and serial-learning tasks (Earhard, 1967; Earhard and Endi- 
cott, 1969). 

Mandler (1967) used a paradigm which, on the surface, seems to by- 
pass the correlational nature of Tulving's original findings by providing 
a measure of organization before asking subjects to recall. Typically 
here, subjects sort words into categories; they are usually allowed to 
choose the number of categories they use, with the restriction that they 
use no less than two and no more than seven categories. The sorting 
process is continued until stable categorization is reached. Then, they 
are asked to recall as many words as they can. Mandler generally found 
à linear relationship between the number of categories used and the 
amount recalled—the category-recall function. The relationship was 
usually characterized by a slope value of 5 + 2, which indicates that 
subjects recalled an additional 5 + 2 words per category used. 
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Mandler (1968) identified two possible artifacts of his experimental 
paradigm. First, as sorting is self-paced and the subject sorts to a cri- 
terion, the number of sorting trials and the time per sorting trial are not 
experimentally controlled. Second, allowing each subject to choose his 
own number of categories may result in an artifact of self-selection. 
Mandler used variations of his paradigm to investigate these possible 
artifacts. He found that the category-recall function held when sub- 
jects sorted for a fixed number of trials and were presented words at a 
fixed rate (Mandler, 1967, Experiment H) and when they were assigned 
their number of categories in either a between-subjects (Mandler, 1967, 
Experiment B) or a within-subjects (Mandler, 1968) design. However, 
in the experiment controlling number of trials and time per trial, the 
subjects were allowed to choose their number of categories; and in the 
experiments in which they were assigned their number of categories, 
number of trials and time per trial were not experimentally controlled. 

In the present experiments the category-recall function was examined 
for three purposes: (a) to replicate Mandler's results when time per 
trial and number of trials were experimentally controlled and subjects 
were allowed to choose their number of categories, (b) to extend the 
category-recall function to the case where time and trials are experi- 
mentally controlled and subjects are assigned their number of cate- 
gories, and (c) to determine the relationship between the number of 
categories a subject chooses and his ability to recall. 


EXPERIMENT I 


The first step in determining whether the number of categories chosen 
reflects individual differences in recall ability was to determine whether 
subjects habitually sort into a particular number. In Experiment I each 
subject sorted five lists of words, and the differences between subjects 
in mean number of categories were examined. 


Method 


Stimuli were 260 nouns randomly chosen from the Paivio, Yuille, and 
Madigan (1968) norms. Each noun was typed on a 3-by-5-in. card, and the 
cards were divided into five lists of 52 words each. Each subject was given 
the five lists successively and was told to sort the words in a given list into 
between two and seven categories, using any kind of sorting strategy he de- 
sired. Each subject was given one sorting trial on each list. The subjects were 
ten student employees of the psychology department. 
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"Each subject was given five scores indicating the number of categories 

used on cach of his five sorts, and an average of these scores was cal- 
culated for each subject. The range of these averages was 2.2 to 7.0, 
"and the median was 6.0. The data were subjected to analysis of vari- 
ance, and the results indicate that there was a significant difference be- 
tween subjects in the number of categories [F(9, 40) = 7.76, p < 901]. 
‘The significant value indicates that there were consistent individual 
differences in the number of categories the subjects used in this word- 
Sorting task. 


EXPERIMENT II 


In Experiment II the subjects sorted two lists, both presented for a 
fixed number of trials and at a fixed rate. On the first list, the subjects 
were allowed to choose their number of categories, and thus, the first 
part of the experiment was a replication of Mandlers (1967, Experi- 
ment H ). On the second list, the subjects were assigned their number of 
` Categories. 

Two analyses of second-list performance were used to examine indi- 
vidual differences. First, since Experiment I indicated that there were 
individual differences in choice of number of categories, second-list 

performance was examined as a function of a given subject's first- 
list choice of number of categories. Second, recall performance on the 
second list was analyzed as a function of his first-list recall performance. 


. Method 


Two of the 52-word lists used in Experiment I served as stimuli, Five 
randomizations of the first list and. four randomizations of the second list 
were tape-recorded for presentation; the interval between words of a given 
randomization was 4 sec, and the interval between randomizations of a given 
list was 10 sec. 

The subjects were told that they would be presented with 52 nouns, one at 
a time, and that their task was to put these nouns into categories. They were 
given answer booklets with columns and were told to let each column repre- 
Sent a category. The subjects were informed that they could use "anywhere 

tween two and seven categories” and that on each trial they should try to 
use the same organization as on the previous trial. They were also told that 
E, would be-a:ked to recall the words at the end of the fifth sorting trial, 
and they were allowed 3 min for recall. 

| The procedure for the second task was the same as for the first task except 
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that each subject was randomly assigned either three or six categories and 
only four presentation trials were used. 

With second-list recall as the dependent measure and number of categories 
on the first list as the measure of individual differences, the experiment was 
treated as a 2 x 2 fixed-factor design. A subject was designated a high 
categorizer if he used five, six, or seven categories on the first task and was 
designated a low categorizer if he used two, three, or four categories on the 
first task. High categorizers could be assigned either six (group HC-6) or 
three (group HC-3) categories in the second task, and low categorizers could 
be assigned either six (group LC-6) or three (group LC-3) categories in the 
second task. 

With second-list performance as the dependent measure and first-list per- 
formance as the measure of individual differences, four groups again resulted. 
A subject who recalled above the median on the first list was designated a 
high recaller, and one who recalled below the median was designated a low 
recaller. High recallers could be assigned either six (group HR-6) or three 

(group HR-3) categories on the second list, as could low recallers (group 
LR-6 and group LR-3). 

The subjects were 40 volunteers from introductory psychology cla: 
the University of British Columbia. They were run in three group sessions. 
Because both conceptualizations of the design were dependent on first-list 
results and a random assignment of subjects to second-list number of cate- 
gories, unequal numbers of subjects appeared in each group. The numbers of 
subjects in each group when first-list number of categories was the measure 
of individual differences are contained in Table 1; the numbers of subjects 
in each group when first-list recall was the measure of individual differences 
are shown in Table 2. 


Results 


The subjects were divided (as described above) into groups of high 
and low categorizers on the basis of their first-list choice of number of 
categories. The mean number of categories used by groups HC-6 and 
HC-3 was 6.09, and the mean number of categories used by groups LC-6 
and LC-3 was 3.56. Mean first-list recall scores for these high- and low- 
categorizer groups are shown in Table 1. These data were analyzed in 
order to determine (a) whether the category-recall function Mandler 
reported was replicated and (b) whether the assignment of subjects to 
three and six categories for second-list sorting showed any systematic 
bias in terms of first-list recall performance. Analysis of variance found 
no evidence for high categorizers to recall more than low categorizers 
[F(1, 36) = .59], indicating that the category-recall function was not 
replicated. Also, no evidence was found for sampling bias in second-list 
assignment, either as a main effect of number of second-list categories 
[F(1, 36) = .94] or as an interaction between number of first-list and 
number of second-list categories [F(1, 36) = 1.11]. 
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Table 1. Summary data for high and low categorizers, Experiment II 


Group Group Group Group 


ie HC-3 HC-6 LC-3 LC-6 
Number of subjects 11 11 12 6 
Mean first-list recall 25.73 28.18 26.17 25.50 
Mean second-list recall 21.09 26.81 23.92 19.50 


The failure to find a significant difference between high and low cate- 
gorizers and, thus, the failure to replicate the category-recall function 
could have been due to a loss of statistical power caused by dichoto- 
mizing the number-of-categories variable. To examine this possibility, 
a correlation between first-list recall and number of first-list categories 
was computed. The obtained coefficient was not significant [r = .22, 
p > .10]. Nevertheless, for comparison with Mandler’s results, the line 
of best fit was also obtained, The resultant equation, 6NC + 23.5, where 
NC is number of categories, indicated that subjects added an average of 
6 words per category used. The relationship between number of cate- 
gories and recall was in the direction Mandler (1967) predicted, but the 
slope value of .6 was significantly less than the minimal slope of 3.0 he 
predicted [t(38) = 5.48, p < .001; see Draper and Smith, 1966, p. 19]. 

One reason why the category-recall function was not replicated could 
be that our subjects were not sorting as consistently as Mandler's (1967, 
Experiment H). The only statistic that Mandler reported on sorting con- 
sistency was that 3 of 42 subjects sorted identically on the last two trials; 
however, 2 of them did not sort by content. In the present study, 2 of 40 
subjects sorted identically on the last two trials, and both used content 
sorts. Thus, the present data on sorting consistency compare favorably 
with Mandler's. 

The data on number of subjects using identical sorts on the last two 
trials do little to describe the sorting consistency of the entire group. 
For this purpose, the percentage of items sorted identically on the last 
two trials was determined for each subject. The median of these per- 
centages, 85%, indicates that the present subjects were sorting fairly 
consistently. 

The mean second-list recall scores for the high and low categorizers 
are also shown in Table 1. Although these scores were slightly lower than 
the first-list recall scores, the difference is attributable to the use of five 
presentation trials on the first list and only four presentation trials on 
the second list. While the second-list recall scores were lower than the 
first-list recall scores, the subjects were not sorting less consistently on 
the second list. Three subjects sorted the second list identically on the 
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last two trials, and the median percentage of items sorted identically on 
the last two trials was 82%. 

Analysis of variance was used to examine those second-list recall 
scores. The results showed no difference between high and low cate- 
gorizers [F(1, 36) = .96] and no difference due to category assignment 
in the second task [F(1, 36) = 1.16]. However, the interaction of groups 
(high versus low categorizers) and category assignment was significant 
[F(1,36) = 987, p < .005]. To control for possible artifacts due to 
assignment to groups, an analysis of covariance, holding first-list recall 
constant, was used on the second-list recall data. No difference between 
high and low categorizers was found [F(1, 35) = .41], nor any difference 
due to category assignment [F(1, 35) = .38]. However, the interaction 
of groups (high versus low categorizers) and category assignment was 
again significant [F(1,35) = 8.92, p < 01]. Thus, as Table 1 shows, 
there appears to have been some tendency for subjects to recall more 
when they were assigned a number of categories that was similar to the 
number of categories they habitually use. 

In order to analyze second-list performance as a function of recall 
ability, the subjects were also divided (as described in the section on 
method) into groups of high and low recallers according to their first-list 
recall ce, This division was at the median of first-list recall, 
and number of first-list categories was ignored. Subjects who recalled 
27 or more words on the first list were assigned to the groups of high 
recallers, and those who recalled 26 or fewer words on the first list were 
assigned to the groups of low recallers. The mean first-list recall scores 
for those groups are shown in Table 2. 


Table 2. Summary data for high and low recallers, Experiment I 


Group Group Group Group 


HR-3 HR-6 LR-3 LR-6 
Number of subjects 13 9 10 8 
Mean first-list recall 29.31 29.55 21.60 24.63 
Mean second-list recall 25.00 25.89 19.40 22.38 


The mean second-list recall scores for the (first-list) high and low 
recallers are also shown in Table 2. Analysis of variance was used to 
examine these scores. The group of first-list high recallers did signifi- 
cantly better on the second list than did the group of first-list low re- 
callers [F(1, 36) = 8.86, p < .01]. The effect of category assignment 
was again not significant [F(1, 36) = 1.13], nor was the interaction of 
groups and category assignment [F(1, 36) = .68]. Thus, while the num- 
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ber of categories subjects were assigned had little or no effect on their 
scond-list performance, constant individual differences, as measured by 
ir first-list performance, had a major effect. 


EXPERIMENT MI 


~ The failure to replicate Mandler's apparently well established cate- 
recall function during learning of the first list warrants further in- 
gation. Experiment III was thus conducted as a replication of 


The design, stimuli, and procedure were identical to those used in Experi- 
“ment IL. The subjects were 43 students enrolled in two sections of introduc- 
tory psychology at Capilano College, a two-year community college. They 
erun during their regularly scheduled lecture hours. The numbers of 
ubjects designated high and low categorizers are shown in Table 3, the 
umbers designated high and low recallers in Table 4. 


Asin Experiment II, the subjects were divided into groups of high and 
Tow categorizers on the basis of their first-list choice of number of 
tegories. The mean number of categories used by the high categorizers 
‘was 6.17, and the mean number of categories used by the low cate- 

rizers was 3.68. The mean first-list recall scores for those groups are 
in Table 3. Analysis of variance revealed that the high cate- 
izers recalled more than the low categorizers [F(1,39) = 8.55, p 
< O1], indicating that there was a significant category-recall function. 
No main effect of second-list category assignment was found [F(1, 39) = 
129], but there was some evidence for an interaction of groups (high 
- Versus low categorizers) and category assignment [F(l, 39) = ATI, 
P < 05], indicating that the random assignment of subjects to categories 
resulted in slightly better recallers being assigned to groups HC-6 and 
LC-3 than HC-3 and LC-6. 


Table 3. Summary data for high and low categorizers, Experiment ni 


Group Group Group Group 


HC-3 HC-6 LC-3 LC-6 
- Number of subjects 12 12 10 9 
n first-list recall 29,08 30.17 27.70 22.00 


n second-list recall 27.33 30.08 25.10 24.33 
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The correlation between number of first-list categories and first-list 
recall was significant [r = 42, p < .01]; The line of best fit, L7NC 
19.0, where NC is number of categories, indicates that the subjects 
added an average of 1.7 words per category used. While this is a stronger 
relationship between number of categories and recall than was ob- 
served in Experiment II, the observed slope of 1.7 was still significantly 
less [t(41) = 2.28, p < .05] than the minimal slope of 3.0 predicted by 
Mandler (1967). 

Although the subjects in Experiment III produced a significant cate- 
gory-recall function, they were not more consistent in sorting than the 
subjects in Experiment II. Two of them used identical sorts on the last 
two trials, and the median percentage of items sorted identically on the 
last two trials was 75%, which is 10% less than the corresponding value 
for Experiment IT. 

The mean second-list recall scores for the high and low categorizers 
are also shown in Table 3. As in Experiment II, second-list recall scores 
were slightly lower than first-list recall scores, since subjects were given 
one more presentation trial on the first list. As in Experiment II, the sub- 
jects were not less consistent in sorting the second list than they were in 
sorting the first list. Three sorted the entire list identically on the last 
two trials, and the median percentage of items sorted identically on the 
last two trials was 77%. 

Analysis of variance was used to examine these second-list revall 
scores, The results indicate a tendency for high categorizers to recall 
more than low categorizers [F(1, 39) = 3.18, p < .10]. No effect of 
category assignment was found [F(1, 39) = .35], nor was there an in- 
teraction of groups (high versus low categorizers) and category assign- 
ment [F(1,39) = .57]. 

Analysis of covariance, holding first-list recall constant, was also used 
to examine second-list performance of the high and low categorizers- 
This analysis eliminated the differences between the high and low 
categorizers [F(1,38) = .18]. However, the effect of category assign- 
ment now approached significance [F(1, 38) = 3.93, p < 0], indi- 
cating a tendency for subjects assigned to use six categories to recall 
more than subjects assigned to use three categories when differences in 
first-list recall were statistically eliminated. The interaction of groups 
(high versus low categorizers) and category assignment was still not sig- 


nificant [F(1, 38) — 1.09], indicating that the bias in assigning subjects 


to conditions had not obscured that interaction. 
In order to analyze second-list performance as a function of recall 
ability, the subjects were also divided, as in Experiment II, into groups 
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of high and low recallers, on the basis of their first-list scores. Subjects 
who recalled 28 or more words on the first list were assigned to the 
groups of high recallers, and those who recalled 27 or fewer words on 
the first list were assigned to the groups of low recallers. Mean first-list 
recall scores for these groups are shown in Table 4. 


Table 4. Summary data for high and low recallers, Experiment III 


Group Group Group Grow 


7 g HR-3 HR-6 LR-3 LR- 
Number of subjects 12 9 10 12 
Mean first-list recall 32.50 32.00 23.60 22.67 
Mean second-list recall 31.00 31.11 20.70 25.00 


Mean second-list recall scores for these groups of (first-list) high and 
low recallers are also shown in Table 4. Analysis of variance was used 
to examine these scores. The (first-list) high recallers did significantly 
better on the second list than did the (first-list) low recallers [F(1, 39) = 
18.12, p < .001]. There was no effect of category assignment [F(1, 39) = 
:48], and the interaction of groups (high versus low recallers) and cate- 
gory assignment was not significant [F(1, 39) = 2.18, p > .10]. Thus, 
neither high nor low recallers recalled significantly more when assigned 
six as opposed to three categories. 


DISCUSSION 


Self-selected categories 


For simplicity of interpretation, the results will be discussed in terms 
of the three purposes of the experiments. The first concerns the data on 
self-selected categories, 

Both Experiments II and III resulted in a positive correlation between 
number of categories and recall. Although the correlation was significant 
only in Experiment III, the positive correlations in both studies, in con- 
junction with Mandler’s (1967, Experiment H) findings of positive cor- 
relations, can be taken as supportive of the general form of the category- 
recall function when time and trials are experimentally controlled. 

—. But even if it is concluded that there is a positive relationship be- 
.. tween number of categories and recall, the present results question the 
. magnitude of that function. Mandler (1967, Experiment H) reported 
correlations of .64 and .53 for two groups of subjects, while the present 
. experiments found correlations of only .22 and .42. Nelson, McRae, and 


198 SCHWARTZ AND HUMPHREYS 


Sturges (1970), in a study designed to replicate Mandler's, reported non- 
significant correlations of .34 and .15. Taken as a whole, these correla- 
tions for experimentally paced tasks are much lower than the median 
correlation of .70 that Mandler reported finding when sorting was self- 
paced and continued to à criterion. 

The slopes relating number of categories to recall in Experiments II 
and III were .6 and 1.7 respectively; these slopes indicate that subjects 
were adding .6 and 1.7 words per category used. In his experiment with 
experimentally paced sorting, Mandler reported slopes of 3.0 and 3.7; in 
his experiments with self-paced sorting, Mandler reported a median 
slope of 3.9. Mandler argued that his slopes supported his assumption 
that subjects add 5 + 2 words per category used. However, the slopes in 
the present study were both significantly less than the minimum of the 
5 + 2 range. 

The y-intercept values for Experiments II and III were 23.5 and 19.0 
respectively. The values Mandler obtained were 11.2 and 13.9 for his ex- 
perimentally paced tasks, and the median value for his self-paced tasks 
was 10.6. He noted that there was a small negative correlation between 
the slopes of the category-recall functions and the y-intercept values for 
his seven self-paced tasks. In the present experiments, the category- 
recall slopes were considerably lower and the y-intercept values con- 
siderably higher than those Mandler reported, so the present data con- 
form with that negative correlation. 

Mandler (1967) argued that the y-intercept value represents the 
amount recalled on the basis of some organization other than that rep- 
resented by the number of categories. If this explanation is accepted, 
then the subjects in Experiments II and III were not, for the most part, 
using their sorting categories as the basis of their organization. The ques- 
tion, then, is why Mandler's subjects used the sorting task as a basis for 
their organization, while the present subjects did not. 

Mandler's explanation for the magnitude of the y-intercept and the 
relationship between slope and y-intercept values is based on the as- 
sumption that organization is necessary for recall. The data that make 
this assumption plausible are the dramatic relationships found between 
number of categories and recall. However, data from four groups of 
subjects, two groups used by Nelson et al. (1970) and two used in the 
present study, have failed to produce the dramatic relationship between 
number of categories and recall when number of trials and time per trial 
were experimentally controlled. There appear to be two possible ex- 
planations for the discrepancies between Mandler's results and those of 
Nelson et al. and the present study. One is that organization is necessary 
for recall but that the sorting task does not ensure that subjects will use 
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the organization provided by the sorting task as the basis for their recall. 
The second is that organization is not necessary for recall but that it 
can improve recall in some situations. 


Assigned categories 


Although in both Experiments II and II subjects who were assigned 
to use six categories in the second task recalled slightly more than sub- 
jects who were assigned to utilize three categories, in neither case was 
the difference significant. Only in Experiment III when first-list recall 
scores were held constant did category assignment even approach sig- 
nificance. 

Strictly interpreted, Mandler would predict subjects to recall 15 3- 6 
words more when assigned to use six categories than to three categories. 
In the present study, the differences were on the order of only 1-3 words. 
Although the data do not necessarily warrant accepting the null hypothe- 
sis, the effect, if there is one, is small. 

The considerably larger effects that Mandler (1967, 1968) reported 
when subjects were assigned their number of categories might have 
been due to his failure to control the number of trials and the time per 
trial. Alternatively, the explanations that have been advanced to ex- 
plain the discrepancies in the magnitude of the effect when subjects 
were allowed to choose their number of categories could apply. That is, 
either Mandler's subjects were using the organization provided by the 
sorting task and the subjects in the present study were not using that or- 
ganization, or Mandlers subjects were organizing in order to recall 
E: the subjects in the present study were not organizing but still re- 
calling. 


Individual differences 


Little could be expected from this part of the investigation, since the 
Prerequisite—large differences between high and low categorizers— 
Was not observed. Experiment I indicated that there were individual dif- 
ferences in categorization. Experiment II indicated that these differences 
interacted with category assignment to produce differences in second- 
list recall, such that subjects tended to recall more when assigned a num- 
ber of categories similar to the number they habitually used. However, 
the results of Experiment III did not replicate this interaction, although 
the same overall pattern of results occurred. In Experiment III, there 
Was some indication that with a ‘habitual’ choice of number of cate- 
Bories (as measured by first-list choice), high categorizers performed 
better than low categorizers on the second list. These results suggest 


200 SCHWARTZ AND HUMPHREYS 


that individual differences in categorization may confound the category- 
recall function, so that it may be inappropriate to draw causal inferences 
from studies which allow the subjects to choose their number of cate- 
gories. 

The results on individual differences in recall ability are much 
clearer. In both Experiments II and III, the best predictor of second- 
list recall performance, regardless of number of first- or second-list cate- 
gories used, was first-list recall performance. It could be that subjects 
differ in their recall ability because of differences in the strategies they 
employ. And one such strategy could involve the manner in which they 
sort the words into categories. However, it is clear in the present data 
that the number of categories into which they sorted those words ac- 
counted for only a very small proportion of the variation in their recall 
performance. 


Notes 


This research was supported by Grant APA337 from the National Research 
CU of Canada to the second author. Received for publication May 13, 
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A TEST OF THE RELATIONAL HYPOTHESIS 
OF PERCEIVED SIZE 


Walter C. Gogel and Richard D. Sturm 
University of California, Santa Barbara 


The relational hypothesis states that the retinal size of a frame directly affects 
the perceived size of an enclosed line. The context hypothesis states that the 
perceived size per unit of retinal size of the line and frame will be equal when 
the line and frame are simultaneously presented at the same apparent dis- 
tance. The results of two experiments in which the predictions from the two 
hypotheses differed support the context hypothesis. 


The relational hypothesis of perceived size states that the perceived 
size of an object is influenced by the size of surrounding objects. For ex- 
ample, if two lines of the same size are presented in frames of different 
sizes, then the line presented in the smaller frame will appear larger 
than the line in the larger frame (Künnapas, 1955). This result is termed 
a size-induction effect. Although this effect is not large when the stimuli 
are presented in a well-structured visual field, it increases if nothing is 
visible except the two lines and two frames—presumably because the 
additional portions of the field provide a more inclusive surround that 
limits the induction effects of the individual frames (Rock and Eben- 
holtz, 1959). 

A phenomenon similar to size induction occurs in the perception of 
Motion. Brown (1965) was able to summarize the results from a series of 
experiments on motion perception under the concept of the transposi- 
tion principle. He found that the apparent velocity of a small moving 
object within a frame depends on the size of the frame and that if all the 
dimensions of the object and frame are multiplied by a constant (trans- 
posed), the physical velocity of the moving object must be multiplied by 
approximately the same constant in order for the perceived velocity to 
remain unchanged. Assuming similarity of the processes underlying 
the Perception of size and velocity (Rock, Hill, and Fineman, 1968), the 
transposition principle can be applied to the perception of both size and 
velocity, to determine the theoretical values the induction effects would 
approach if no contrary factors were present. In size induction, for ex- 
ample, if only the induction effect were present, a l-in. line in a 2-in. 
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frame should appear equal in length to a 2-in. line in a 4-in. frame. 

It has also been assumed that it is the proximal size (the retinal size, 
or visual angle) of the frame that is the important factor in size induc- 
tion (see Epstein, 1962; Rock and Ebenholtz, 1959). Also, Wallach 
(1939) suggested that the transposition principle as applied to the per- 
ception of motion should be defined at the proximal rather than the dis- 
tal level. Consistent with the transposition principle defined at the 
proximal level,the relational hypothesis would state that the perceived 
size (S';) of the enclosed line varies directly with its visual angle (6;), 
and inversely with the visual angle (8») of the enclosing frame. Or 


S's = C6r/0r , n] 


where C is a constant of proportionality. 

Although Equation 1 refers to a single frame-line combination, it can, 
of course, be used to predict the ratio of the perceived sizes of lines in 
two different frames, by applying it to each of the frame-line combina- 
tions. To illustrate, suppose that a 3-in. line is presented within a 2-by-4- 
in. frame and a 9-in. line is presented within a 6-by-12-in. frame, with 
all of these objects at the same physical distance from the observer. 
Since the ratio of the visual angles of the two frames is equal to the 
ratio of the visual angles of the two lines, the prediction from Equation 
lis that the ratio of the perceived sizes of the two lines will be unity— 
that the two lines will be perceived as equal in size. Note that the pre- 
dictions from the relational hypothesis can be made using Equation 1 
for any visual angles of the lines and frames. For example, if both the 
lines in the example above were 3 in. long, the prediction from the re- 
lational hypothesis would be that the line in the smaller frame will be 
perceived as three times as large as the line in the larger frame. 

Tests of the relational hypothesis have been conducted in situations 
in which all of the objects (lines and frames, for example) were at the 
same physical distance from the observer. Under these conditions, the 
size-induction effects are in the direction predicted by, but not as large 
as expected from, the relational hypothesis (Künnapas, 1955; Rock and 
Ebenholtz, 1959). This inability to predict the magnitude of the in- 
duction effect should not be interpreted as a limitation of the relational 
hypothesis, however, since it can instead be explained by the presence of 
another, often conflicting factor. 

This additional factor is the effect of perceived distance on per 
ceived size. The interaction of perceived size and perceived distance is 
indicated by the size-distance invariance hypothesis, which in a simple 

form can be expressed as 
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S = Kop’. [2] 


In Equation 2, S' is the perceived size of any object (a line or frame), 8 
is its visual angle, D' is the perceived distance of the line or frame, and 
Kis a constant of proportionality. If the lines in the two frames are per- 
ceptually as well as physically at the same distance from the observer, 
it follows from Equation 2 that the ratio of the perceived sizes of the 
lines will be proportional to the ratio of the visual angles of the lines. 
Since the ratio of the visual angles of lines at a constant physical distance 
is proportional to the ratio of their physical sizes, it follows that the ratio 
of the perceived sizes of the lines will be proportional to the ratio of their 
physical sizes, Thus, according to the hypothesis of size-distance in- 
variance, if the lines are perceived to be at the same distance, then the 
ratio of their sizes will be correctly perceived with the amount of the 
size-induction effect zero. In other words, the perception that the lines 
are at the same distance tends to counteract the size-induction effect 
expected from the relational hypothesis. Thus, even if the relational 
hypothesis is valid, two lines that are at the same perceived distance 
would be expected to show size-induction effects less than those pre- 
dicted by Equation 1. 

On the other hand, the perceived-size effects predicted by Equations 
land 2 can be in the same direction. This can occur in any situation in 
which the frame-line configuration with the smaller vísual angle appears 
to be more distant than the frame-line configuration with the larger 
visual angle. The difference in the perceived distance of similarly 
shaped objects as a function of visual angle is known as the relative- 
size cue to distance. Consider again the example in which a 3 in. line is 
presented in a 2-by-4-in. frame and a 9-in. line in a 6-by-12-in. frame, 
with all the objects at the same physical distance. If the relative-size 
cue is effective, the retinally smaller configuration (the 3-in. line and 
2-by-4-in. frame) will appear at three times the distance of the larger con- 
figuration, and by Equation 2, the 3-in. line will be equal in perceived 
size to the 9-in, line, This is the same result predicted by Equation 1. 

It was noted above, though, that the prediction of the perceived size 
of a line in an enclosing frame will not always be identical from Equa- 
tions 1 and 2, Assuming that D’, = D'r, the difference in the predicted 
value of S'; from these two equations is 6; (KD'» — C/9r). It follows 
that the only condition under which Equations 1 and 2 will provide the 
Same predicted value of S^; (again assuming that the line appears at 
the distance of its enclosing frame) is when 


C/0r = KD'y. [3] 
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That is, Equations 1 and 2 will make the same prediction about the ratio 
of the perceived sizes of lines in different frames whenever the ratio of 
the perceived distances of the frames is the inverse of the ratio of the 
visual angles of the frames. For all other conditions, the predicted ratio 
will differ from the two equations, Also, if for any reason the smaller 
frame-line combination is made to appear closer to the observer than the 
larger frame-line combination, the direction as well as the magnitude of 
the predictions from the two hypotheses will differ. 

The point to be emphasized is that in any test of the relational hy- 
pothesis, perceived distance can contribute to perceived size and, ex- 
cept when C/6, = KD' p, can modify the results expected from the rela- 
tional hypothesis. That is, the effect of perceived distance on perceived 
size according to Equation 2 is always present and, except in the circum- 
stances defined by Equation 3, is such as to modify the percei ed results 
expected from the relational hypothesis. Thus, a finding that induction 
effects of the magnitude expected from Equation 1 have not occurred 
is not acceptable evidence against Equation 1, nor is it unexpected in 
terms of the known relations that occur between perceived distance 
and perceived size. 

But if size-distance invariance provides a result that often interferes 
with achieving the magnitude of results expected from Equation 1, the 
converse is also true. If the relational hypothesis is valid, it will provide 
a result which, under all conditions except those expressed by Equation 
3, will oppose the predictions expected from the hypothesis of size- 
distance invariance. Thus, a general test of the relational hypothesis 
would be to determine whether the size perceptions of lines in frame- 
line combinations do differ from Equation 2 in the direction expected 
from Equation 1. 

Fortunately, from the assumption that the enclosed line appears at 
the distance of the enclosing frame in each of the frame-line configura- 
tions, a more restricted form of Equation 2 can be used for this test of 
the relational hypothesis. This restricted form of Equation 2 is called 
the context hypothesis of perceived size (Gogel, 1971; Gogel and 
Mershon, 1968), which states that simultaneously presented objects at 
the same perceived distance and similar directions have equal values 
of perceived size (S^) per unit of retinal size (6). Consider the case 
of a frame (F) and an enclosed line (L). From Equation 2, it follows 
that 


D'r = D'y = 1/K(S'r/6r — 81/02) , [4l 


where $’/6» and S',/6, are the perceived sizes per unit of retinal size 
and D'r and D’; are the perceived distances of the frame and line re- 


PERCEIVED SIZE 205 


spectively. If the line and enclosing frame appear at the same distance 
from the observer, then D'y — D’; = Oand 


S',/0, = S'r/Or . [5] 


That is, Equation 5, the context hypothesis, states that the ratio of the 
perceived sizes of the line and enclosing frame is equal to the ratio of 
their retinal sizes. But although Equation 5 is derived as a special case of 
Equation 2, it is not necessarily limited to situations in which Equation 
2 can be shown to be valid. In order to apply the context hypothesis to 
the size-induction effect, the only requirements are that the objects (in 
this study, a frame and enclosed line) be presented simultaneously in 
similar visual directions at the same apparent distance. And in order to 
apply Equation 5 to the perceived sizes of two lines in two frame-line 
combinations of different size, all that is required is that each line appear 
at the distance of its enclosing frame, It is not required that the two 
frames or two lines appear at equal distances. 

Comparing Equations 1 and 5, the difference in the predicted size of 
the enclosed line is given by (6;,/@r) (S'» — C). In other words, the rela- 
tional and context hypotheses will make identical predictions only when 


Sym C. [6] 


Or, considering different sizes of frame-line configurations, Equations “| 
and 5 will make predictions of the same magnitude and direction only 
when the perceived sizes of the differently sized frames are the same. 

Thus, the purpose of the present study was to test the relational hy- 
pothesis (Equation 1) by testing the ability of Equation 5 to predict the 
perceived sizes of lines enclosed in frames of different retinal sizes. If 
Equation 1 also applies under these circumstances, it will provide a 
source of the perceived sizes of the enclosed lines which, except when 
S’» = C, differs from that expected from Equation 5. The observer will 
thus be faced with differing information about S'; from these two 
sources, and the resulting compromise of these differing sources should 
produce a modification of his responses from those predicted by Equa- 
tion 5. If, on the other hand, Equation 5 is completely valid under 
conditions in which a size-induction effect is expected to occur, the con- 
tribution of the retinal size of the frame to the induction effect inde- 
pendent of the perceived size of the frame (Equation 1) would be ex- 
pected to be negligible. 


EXPERIMENT I 


Rock and Ebenholtz (1959) were interested in eliminating the effect 
of the relative-size cue to distance between the physically equidistant 
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frame-line configurations of different retinal size. For this reason, in 
most of their experiments on the size-induction effect the viewing was 
binocular in order to introduce the distance cue of convergence, and the 
different configurations were separated directionally by 180 deg. Al- 
though binocular as compared with monocular observation is useful for 
this purpose (Gogel and Sturm, 1972 ), a directional separation of 180 
deg as compared with 0 deg does not seem to reduce the effectiveness of 
the relative-size cue (Gogel and Sturm, 1971). 

It was not considered to be necessary in the present experiments to 
eliminate the relative-size cue between the successive presentations 
of the frame-line configurations, because the relational and context hy- 
potheses do not predict the same results except when the frames of dif- 
ferent visual angle appear to have the same size (Equation 6). It follows 
that either monocular or binocular observation provides a test of the 
relational hypothesis by testing the validity of the context hypothesis if 
it is found that the same perceived size did not occur with the differ- 
ent frames. In general, though, where consistent with the purposes of 
this study, the stimulus conditions used were similar to those used by 
Rock and Ebenholtz (1959). 


Method 


—Apparatus—An observation booth was constructed, in which the observer 
sat midway between two observation positions separated by 180 deg (see 
Figure 1, in Gogel and Sturm, 1971). Each observation position was totally 
dark and contained an adjustable head-and-chin rest. The stimuli, consisting 
of frames and enclosed lines, were monocularly viewed through a nonrestric- 
tive aperture, with the remainder of the visual field totally dark. Two sizes of 
luminous rectangular frames—534 by 11% in. and 116 by 3'%o in., with the 
luminous sides of the frames 4 in, wide—were constructed by masking elec- 
troluminescent panels and were presented with the longest side vertical. 
These luminous frames approximated the dimensions of the frames used by 
Rock and Ebenholtz (1959), namely, 6 by 12 in, and 2 by 4 in. As in that 
study, the centers of the frames were on the observer's line of sight at a dis- 
tance of 5 ft. The luminous vertical line enclosed within each frame originated 
at the center of the base of the frame, The line within the larger frame was 
6'6 in. high and %6 in. wide, and the line within the smaller frame was 
24; in. high and ¥ in. wide. The luminance of all the stimuli was .04 ftL. The 
ratio of the large to the small line is approximately the average ratio (2.2:1) 
of the large line in the large frame required to match a 3-in. standard line in 
the small frame of Rock and Ebenholtz's study. 


—Observers—The observers were 80 men and women enrolled in an intro- 
ductory course in psychology. All were naive as to the purpose of the ex- 
periment, and all had a near and far visual acuity of 20/20, corrected if neces- 
sary. 
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—Procedure—Each observer was led blindfolded into the dark observation 
booth. The blindfold was removed and, after a 5-min period of dark adapta- 
tion, the observer was instructed to place his head in one of the observation 
positions and was shown the first stimulus. He was then asked to indicate the 
following, with all height or distance responses expressed in feet or inches 
or in some combination of feet and inches: (a) the height of the enclosed 
vertical line, from the top of the line to where it ended at the bottom of the 
rectangle, (b) the height of the rectangle, (c) whether the line and the rec- 
tangle were at the same or different distances from his eyes and, if different, 
which appeared closer and by what amount, and (d) the distance of the 
rectangle from his eyes. The shutter was then closed, and the observer tumed 
180 deg to the other observation position. After 15 sec, he was instructed to 
place his head in the second observation position, the second stimulus was 
presented, and he again made distance and height responses. Half the ob- 
servers were presented with the small frame and line first and the large frame 
and line second. For the 40 other observers, the order in which the small 
frame-line configuration and the large frame-line configuration were pre- 
sented were reversed. The two presentations to an observer were always sep- 
arated by 180 deg, with the observation position used for the first presenta- 
tion counterbalanced across observers. 


Results 


The results of Experiment I are shown in Table 1. The perceived dis- 
tance, D’, of the line was obtained by adding to the reported distance 
of the enclosing frame the perceived depth (plus or minus) between the 
line and enclosing frame. Since the distributions were often skewed, the 
medians, rather than means, may be considered to best represent the 
data, As shown in Table 1, the mean and median perceived distances 
to a line and to its enclosing frame were very similar. Of the 80 ob- 
servers, 61 reported no depth between a line and its enclosing frame 
on the first presentations: only 5 observers reported a depth greater than 
6 in. Of the 80 observers, 68 reported no depth between a line and its 
enclosing frame on the second presentations; only 2 observers reported 
a depth greater than 6 in. According to the context hypothesis, there- 
fore, the median perceived size per unit of visual angle (S'/6) of a line 
and the frame enclosing the line should be very similar. 

It will be noted in Table 1 that on first presentations median per- 
ceived distances of the differently sized frames were not inversely re- 
lated to the visual angles of the frames. Using the Mann-Whitney U 
test, the bulk of these perceived distance scores for the frames were not 
significantly different when the small rather than the large frame was 
used (Z = .3, p > .05). On the second presentations, however, the bulk 
of the perceived distances for the small frame were significantly greater 
than for the large frame (Z = 3.28, p < .01). By definition, if the rela- 
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Table 1. Means, medians, and standard deviations in inches of perceived dis- 
tance and perceived height obtained from the large and small frame and 
line, Experiment I 


Line Frame 


First Second First Second 
presentation presentation presentation presentation 


Large Small Large Small Large Small Large Small 


Perceived distance (D’) 


Mean 472 65.0 363 940 47.9 644 384 925 
Median 330 24.0 13.5 361 300 240 13.5 36.0 
Standard 


deviation 50.9 172.0 85.4 111.9 53.6 172.1 85.7 108.7 


Perceived height (S’) 


Mean 8.2 47 87 ILE 132 68 145 144 
Median 2.0 15 25 15 32 20 40 2.0 
Standard 


deviation 13.7 97 166 384 228 173 268 477 


tive-size cue occurred in the present experiment, it must have done so 
between successive presentations. Thus, in order to demonstrate that the 
relative-size cue to distance was effective between the differently sized 
frames, the effect of any tendency to perceive the frames at different 
distances in the first presentations must be removed. 

An analysis that adjusts for any such difference in first presentations 
consists in comparing the obtained difference in D' between second pres- 
entations with the obtained difference in D' between first presen- 
tations (Gogel, 1969; Gogel and Sturm, 1971). It was found, using 
the Mann-Whitney U test, that the bulk of the D’ differences A» — Bz 
were greater than those A; — By at the .01 level (Z = 2.43), where A 
and B refer to the small and large frames and 1 and 2 refer to the first 
and second presentations. Thus, in agreement with the previous study 
(Gogel and Sturm, 1972), the results support the conclusion that the 
relative-size cue can occur between presentations separated by 180 deg. 
As a consequence of the relative-size cue to distance, the retinally 
smaller frame (and line) appeared to be more distant than the reti- 
nally larger frame (and line) in the successive presentations. 

But despite the relative-size cue to distance, the small frame was 
perceived as smaller than the large frame in the second presentations. 
The tendency to see the small frame as smaller than the large frame 
on both first and second presentations was significant at the 01 level 
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(Z = 3.71 and 2.88 respectively). It follows that Equation 6 was not 
satisfied and that Equations 1 and 5 therefore predict different results 
in this experiment. 

The degree to which the obtained median results satisfy the context 
hypothesis can be seen from Figure 1, in which the S'/8 of a line is 
plotted against the S'/8 of its enclosing frame, where 6 is the visual 
angle of the height of the line or frame expressed in radians and the S’ 
is the perceived height of the line or frame in centimeters. The filled 
circles are from Experiment I, with A and B referring to the small and 
large frames (or lines) and 1 and 2 referring to first and second presen- 
tations, The dashed line is the prediction from the context hypothesis, 
with which the data are obviously in close agreement. This close fit to 
the context hypothesis applies to individual as well as median data, in 
that the Pearson product-moment correlations of the S'/6 of the line 
and enclosing frame were .99 or 1.00 for both the small and large line- 
frame configurations on both the first and second presentations. 

Some caution is necessary in interpreting these unusually high corre- 
lations, They might partly be due to a multiplicative constant involved 
in attaching numbers to perceived sizes, with this constant differing be- 
tween observers. For example, one observer might tend to give consis- 
tently larger reports of size on both frame and line than another ob- 


e Experiment | 
© Experiment II 


S’(cm)/O(rad) OF LINE 


S’(cm)/@(rad) OF FRAME 


Fig. 1. Relation between the perceived size (S’) per unit of visual angle 
(0) of the lines and the enclosing frames. The dashed line is the relation pre- 
dicted by the context hypothesis of perceived size. A and B refer to the small 
and large frames (or lines); 1 and 2 to the first and second presentations. 
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server, even though the perceived sizes were the same for the two 
observers. This difference would contribute to the value of the correla- 
tion coefficients, regardless of the validity of the context hypothesis. 

To examine this last possibility, it was noted that the context hypothe- 
sis would predict the ratio of the $'/6 values of the frames from the first 
and second presentations to be positively correlated with ( equal to) the 
ratio of the $’/@ values of the enclosed lines. Since ratios of S’/@ are 
being used, the resulting r cannot be attributed to observer differences 
in scaling reports of size. These ratios of S’/@ obtained for each observer 
resulted in an r of +.99 (df = 78, p < .01). 


EXPERIMENT II 


Experiment II was identical to Experiment I in all respects except 
that binocular rather than monocular observation was used, to provide 
a range of conditions against which the relational and context hypothe- 
ses could be compared. Eighty new observers were used. 


Results 


The results from Experiment II are shown in Table 2. As in Experi- 
ment I, the lines appeared approximately at the distance of their en- 
closing frames. Of the 80 observers, 68 reported no depth between à 
line and its enclosing frame on the first presentations; only 2 reported 
a depth greater than 6 in. Of the 80 observers, 69 reported no depth 
between a line and its enclosing frame on the second presentations; only 
4 reported a depth greater than 6 in. The perceived distances, D', of 
the frames were not related to the visual angle of the frames on the 
first presentations (Z = 1.69, p > .05) but were inversely related to vis- 
ual angle on the second presentations (Z = 2.36, p < .01). The bulk of 
the D’ differences A; — Bz were greater than the bulk of the D’ dif- 
ferences A; — B; at the .05 level (Z = 1.94). It follows that the relative- 
size cue was effective between successive presentations. 

But, it will be noted, the D' differences between successive presenta" 
tions were much less in Experiment II than in Experiment I. Only when 
the large frame was presented first (not when the large frame was 
presented second) were the bulk of the perceived distance scores greater 
for the small than the large frame on the successive presentations (Z= 
2,64, p < .01, and Z = 1.36, p > .05, respectively). As expected (Gogel 
and Sturm, 1972), the relative-size cue between successive presentations 
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Table 2. Means, medians, and standard deviations in inches of ived 
distance and perceived height obtained from the large and small frame and 
line, Experiment II 


Line Frame 


First Second First Second 
presentation presentation presentation presentation 


Large Small Large Small Large Small Large Small 


Perceived distance (D’) 


Mean 57.4 446 528 804 584 442 53.0 803 
Median 40.0 36.0 30.0 480 435 36.0 36.0 48.0 
Standard 


deviation 62.7 38.7 640 1310 61.8 386 59.0 1310 


Perceived height (S^) 


Mean 9.0 41 103 52 148 5.1 180 64 
Median 6.0 28 60 30 95 35 105 40 
Standard 


deviation 9.5 45 12.6 87 161 5.8 217 9.7 


was more effective with monocular observation (Experiment I) than 
with binocular observation (Experiment II). 

As in Experiment I, however, the median perceived height, S’, of the 
frame was a direct function of the visual angle of the frame in both the 
first and second presentations (Z = 5.1, p < .01, and Z = 4.91, p < .01, 
respectively), Thus, Equation 6 was again not satisfied, and the predic- 
tions from Equations 1 and 5 differ in this experiment also. 

The relation between the $’/@ of the lines and the S'/6 of their en- 
closing frames is shown by the open circles in Figure 1, as computed 
using the median S' data of Table 2. Except for one data point (Bi) the 
results are again very close to the predictions from the context hypothe- 
Sis of perceived size, The four Pearson product-moment correlation co- 
efficients between the S’/@ value of the lines and enclosing frames for 
the large and small frames on the first and second presentations were 
all .98 or higher. Also, the correlation between the ratios of $’/8 values 
for the lines and ratios of S’/@ values for the frames from the first and 
second presentations was .98, 


DISCUSSION 


Since the perceived sizes of the differently sized frames were not the 
“ame in either experiment, Equation 6 was not satisfied and the pre- 
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dictions from the relational and the context hypotheses differ. There- 
fore, different values of information about the perceived sizes of the 
enclosed lines were available from these two hypotheses, assuming that 
both are valid. 

The relational hypothesis was not expected to predict completely the 
perceived size of the lines, of course, but by the reasoning outlined at 
the beginning of this paper, it should, if valid, be capable of reducing 
the predictive ability of Equation 5 for objects enclosed in frames. That 
the predictions from the relational hypothesis have no discernible effect 
on the data is shown by Figure 1, in which the S’/@ from the frames 
and enclosed lines is not only related but very close to the predicted 
45-deg line. Only if the line through the data of Figure 1 did not have 
a slope of unity or were curvilinear, and only if the linear correlations 
between S'/6 from the frame and line were appreciably different from 
unity, could it be concluded that some factor other than the context 
hypothesis must be postulated in order to explain the results. 

It will be noted also that, except possibly in the case of B; in Experi- 
ment II, the context hypothesis applied to the results of the first as well 
as the second presentations; that is, it applied equally well whether or 
not the relative-size cue between the frames was present to contribute 
to the perceived size of the enclosed line. 

From Equation 1, the relational hypothesis predicts that the S'/6 of 
the enclosed line will be inversely proportional to the visual angle of 
the enclosing frame. The relevant data here are presented in Figure 2, 
which plots the $’/@ of the line against 1/6 of the enclosing frame. 
The larger values of $//6 in Experiment II as compared with those in 
Experiment I (see Figures 1 and 2), in agreement with the hypothesis 
of size-distance invariance (Equation 2), were at least partially the re- 
sult of the greater (more veridical) perceived distance from binocular 
observation. It should be noted, however, that in each experiment there 
was a consistent tendency for the S'/0 of the line to increase with an 
increase in 1/6 of the enclosing frame. 

From Equation 6 the predictions from the context and relational hy- 
potheses are the same when C = S’;, that is, when C/0r = S'y/ 8r. 
Since the data from both experiments as shown in Figure 1 support the 
context hypothesis, the tendency for $';/6;, in Figure 2 to increase with 
1/6, must have been the result of an equal tendency for S’»/# to in- 

crease with 1/67. Partially, this can be accounted for by the changes 
in perceived distance that occurred between successive presentations. 
Thus, the increase in S';/6; with increasing 1/6; in Figure 2 between 
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Fig. 2. Relation between the perceived size (S^) per unit of visual mee 
(0) of the enclosed lines and the reciprocal of the visual angle (1/6) of the 
enclosing frames. If the obtained data were completely consistent with the 
relational hypothesis of perceived size, all the points would be on a straight 
line. A and B refer to the small and large frames (or lines); 1 and 2 to the 
first and second presentations. 


B; and A; or between By and A; would be expected from the relative- 
Size cue to distance. 

On the other hand, the relation between $';/07, and 1/6; occurring 
with A; and B; in Figure 2 remains to be explained for the two experi- 
ments, The small line and frame appeared somewhat nearer (but not 
significantly nearer) than the large line and frame on the first presen- 
tations in both experiments. Nevertheless, the ratio of the perceived size 
of the line in the small frame to the perceived size of the line in the 
large frame was greater than the ratio of the physical sizes (or visual 
angles) of the two lines. This is the type of phenomenon that is usually 
considered as illustrating the size-induction effect and is consistent with 
Rock and Ebenholtz’s (1959) conclusion that the effect can occur even 
though the smaller frame-line configuration does not appear at a greater 
distance than the larger frame-line configuration. s 

This last result is inconsistent with the hypothesis of size-distance in- 
variance (Equation 2), which would require that the perceived distance 
of the line with the greater S’/@ value (the small line) be greater than 
the perceived distance of the line with the lesser S’/6 value (the large 
line). As Figure 1 shows, however, the results from Bi and A, even in 
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these circumstances were, in general, consistent with the context hy- 
pothesis. Although the slope of a line connecting A; and B; in Experi- 
ment II was less than 45 deg, the slope of a line connecting A, and B, 
in Experiment I was very close to 45 deg. Also, it must be emphasized 
that Equation 6 did not hold in either experiment between the different 
frame sizes and that the relational hypothesis should have resulted in a 
slope of less than 45 deg in Figure 2 between the large and small frame- 
line configurations for both first and second presentations. 

In other words, the present study supports the conclusion that, in 
agreement with the context hypothesis, wherever a so-called size-induc- 
tion effect occurs, the modification of the perceived size of the enclosed 
object (line) is accompanied by a modification in the perceived size of 
the enclosing object (frame). Since the enclosing frame is not itself en- 
closed by another object, this latter effect can hardly be considered a 
size induction. 

The context hypothesis predicts that the S’/6 value of the frame and 
enclosed line that appear at the same distance will be the same. It does 
not predict that the S'/8 of the two frame-line configurations will neces- 
sarily be equal even though they appear at the same distance. The 
reason for this is that the context hypothesis requires that the frame 
and line to which it applies be presented simultaneously and in similar 
visual directions, as well as that the frame and line be at the same per- 
ceived distance from the observer. The results obtained on the first 
presentations of the different retinal sizes (A: and Bi) in the present 
experiments were not in agreement with the hypothesis of size-distance 
invariance, even though they were consistent with the context hypothe- 
sis of perceived size, Since the hypothesis of size-distance invariance 
contains no requirement that the objects to which it applies be simul- 
taneously presented in similar directions, the context hypothesis, al- 
though related to Equation 1, is not totally a special case of Equation 1. 
Instead, the context hypothesis may be an example of the adjacency 
principle (Gogel, 1971). 

The adjacency principle states that the perceptual interactions be- 
tween objects decrease with an increase in their perceived separation 
in depth, direction, or time. Thus, the greater the relative adjacency of 
simultaneously presented objects in perceived space (perceived depth 
and direction), the more the $’/@ values of the objects will be similar. 
This is equivalent to stating that the S'/8 of a local portion of perceive 
space tends to be homogeneous. Thus, if a modification in S'/0 occurs 
with respect to the enclosing frame, it must also be present with respect 
to the enclosed line. 
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Consider now the case in which two frame-line configurations are 
presented simultaneously at the same distance but in different visual 
directions. If binocular observation is used, it is likely that the two 
configurations will appear at the same distance. Assume also that under 
these conditions the two configurations have different values of S’/@ de- 
spite appearing at the same distance, When the perceived sizes of the 
lines are considered, this is an example of the size-induction effect. In 
this case, however, the $’/@ values in the vicinity of the two frames 
differ. If the line enclosed by one of the frames is then moved in the 
frontoparallel plane away from that frame and toward the other frame, 
it will move through a gradient of $’/@ values and should change ap- 
propriately in its perceived size. 

This last example is an illustration of a two-dimensional illusion and 
suggests that many two-dimensional illusions can be specified as a gradi- 
ent of S’/@ across the visual field. If the gradient of S'/6 differs in the 
horizontal and vertical directions, a line oriented so as to have both a 
horizontal and vertical component will have an illusory slant. In all 
these cases, the context hypothesis should predict the perceived length 
ororientation of a line moved about in the frontoparallel plane as a func- 
tion of the distribution of S'/8 values in that plane. 

It might be noted here that the context hypothesis describes the per- 
ceptual consequences for objects (such as lines) of. being in different 
portions of the visual field having different values of S'/8. It does not 
describe the factors that produce $'/6 differences between different 
parts of the visual field. Probably there are a variety of such determin- 
ing factors, with the perceptual consequences of the differences in $'/0 
independent of the particular factor that produced those differences. 

Some interesting questions result from applying the context hypothe- 
sis to two-dimensional illusions. Suppose that a difference in S'/0 is pro- 
duced in the apparent frontoparallel plane, for example, by binocularly 
observing horizontally separated but physically equidistant portions of 
the Müller-Lyer illusion. What is the gradient of S'/6 between the shafts 
of the two portions of the illusion? Will the S'/6 of the probe line equally 
displaced from the two shafts be the average of the S’/@ values at 
the shafts? 

Questions of this type are probably important in predicting the dis- 
tortion in perceived shape of an extended visual stimulus (such as a 
large square) situated in a frontoparallel plane containing a nonuniform 
distribution of values of S' /8. Furthermore, it seems clear that the prob- 
lem of what determines a distribution of S//0 in an apparent fronto- 
parallel plane is but a special case of the more general problem of the 


216 GOGEL AND STURM 


factors that determine a distribution of S'/6 in apparent three-dimen- 
sional space. Thus, in addition to making the relational hypothesis (and 
perhaps the transposition principle) unnecessary, the context hypothesis 
may well be useful in the descriptive analysis of a variety of situations 
involving visual illusions. 


Notes 


This investigation was supported by PHS Research Grant MH15651 from 
the National Institute of Mental Health. The authors wish to thank Richard 
Weinthal for his help in the collection of the data. Received for publication 
July 14, 1971. 
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TRANSFER IN THE A-B', A-B PARADIGM AS A 
FUNCTION OF ANTICIPATION-INTERVAL LENGTH 


Michael Maus 
University of Iowa 


The length of the anticipation interval during list 2 learning was 1.25 or 3.00 
sec for groups learning paired associates under the A-B', A-B or C-D, A-B 
paradigms; list length was 15 pairs. The results support a mediational inter- 
pretation in that positive transfer for AB’ appeared to be a direct function of 
anticipation-interval length. The concept of the AB' paradigm as a function- 
ally mixed AB' and AC paradigm is discussed. 


The A-B’, A-B paradigm (henceforth referred to in this paper as AB’) 
consists of two successively presented lists of paired associates; the cor- 
responding stimulus terms in each list are identical and the correspond- 
ing response terms are somehow related, usually along some dimension 
of meaningful similarity. Several hypotheses have been advanced to 
explain the positive transfer obtained for the AB’ paradigm in relation to 
à C-D, A-B control (henceforth referred to as CD). One is the mediation 
hypothesis (Barnes and Underwood, 1959), which proposes that, having 
learned the association A-B’ during list 1 learning, the subject uses this 
association, plus the presumed prelaboratory-learned associative con- 
nection between the B’ and B responses, to form the associative chain 
A-B'-B as an aid in his learning the A-B pairs presented in list 2. 

One method to determine whether mediation is a reasonable explana- 
tion of the positive transfer in the AB’ paradigm has been to examine the 
effects of anticipation-interval length on performance in the AB' para- 
digm during list 2 learning. It has been proposed that during list 2 learn- 
ing the utilization of the A-B/-B associative chain requires the elicitation 
of the implicit associative response B' prior to the actual response B 
(Richardson, 1967). The occurrence of this intervening process between 
the presentation of the stimulus and the elicitation of the overt response 
should increase the time required for the overt response to be made. If 
mediation does occur in the AB’ paradigm, then manipulating the length 
of the anticipation interval during list 2 learning—and consequently, the 
time available to mediate—should differentially affect performance in 
the AB’ paradigm and in a nonmediational paradigm such as CD. The 
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shorter the anticipation interval, the less should be the amount of posi- 
tive transfer for AB' in relation to CD. 

Of those studies involving such a manipulation in the AB' and CD 
paradigms, two have found a significant interaction between paradigm 
and length of anticipation interval (Richardson, 1967b; Richardson, 
1968), and three have failed to demonstrate any interaction between 
paradigm and anticipation interval (Runquist and Marshall, 1963; Spear, 
Mikulka, and Podd, 1966; Richardson, 1967a). Of those studies attempt- 
ing to relate the B’ and B items along some dimension of meaningful 
similarity such as synonymity, only Richardson (1965) has found a sig- 
nificant interaction between the amount of positive transfer for AB' and 
the length of the anticipation interval. 

The present study was a further attempt to demonstrate that the 
amount of positive transfer found for the AB' paradigm in which the 
B’ and B terms are meaningfully similar is, in fact, a function of antici- 
pation-interval length. It was noted that in many of the previous studies 
involving the AB’ paradigm and a manipulation of the anticipation- 
interval length, the positive transfer expected for AB' relative to CD was 
either small or failed to obtain. To increase the likelihood of obtaining 

substantial amounts of positive transfer for AB' in the present experi- 
ment, a larger number of items per list was used than has usually been 
employed in similar experiments—this because pilot work showed that 
by increasing the number of items in the lists, the initial positive transfer 
for AB' relative to CD could be amplified considerably. 


METHOD 


— Design—Subjects learned two paired-associate lists representing either the 
AB’ or CD paradigm. Anticipation intervals of either 1.25 or 3.00 sec were 
used for list 2 learning, The four possible combinations of the two paradigms 
(AB’ and CD) with the two anticipation intervals (1.25 and 3.00 sec) formed 
tie foie experimental conditions, labeled AB’-1.25, AB^-3.00, CD-1.25, and 


—Subjects—A total of 80 paid college-age students participated in the ex- 
periment. Of the 80, 16 were dropped—5 due to mechanical failures of the 
experimental apparatus, and 11 due to their failure to meet criterion of ™is 
correct on list 1 within 20 trials. The numbers who failed to meet criterion 0n 
list 1 in conditions AB/-1.25, AB’-3.00, CD-1.25, and CD-3.00 were 5, 1, 0. 
and 5 respectively. A discussion of the possible differential effects of the un- 
equal numbers of subjects dropped in each of the four conditions is in the 
section on results. 

The remaining 64 subjects were assigned randomly to each of the eight 
conditions (two different lists were used for each of four experimental condi- 
tions) with the restriction that the Nth subject not be assigned to a condition 
until N — 1 subjects had been assigned to all other conditions. In addition, 
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hin each of the eight conditions half the subjects were male and half were 


iterials—Four 15-item paired-associate lists, designated A:-B1, A1-B’s, 
Bs, and A:-B’s, were constructed. The stimuli were trigrams selected from 
we (1928) at the 47%-53% association level. The nse terms were 
p-syllable adjectives selected from Haagen (1949). The uency ratings 
the adjectives were comparable for all four lists (.54 < X < .58). Intralist 
milarity was minimized as much as possible in all lists. However, due to the 
nited number of items with the desired high level of rated similarity within 
gen and the large number of items needed to construct the two sets of 
ts (30 adjective pairs altogether), some intralist similarity was unavoidable 
ng the response terns, and such items as horrid, gloomy, dirty, and rotten 
d within the same lists. 
The lists were constructed in such a way that the Ar-Bi^ and A1-B: lists 
d the same trigrams for stimuli and that their corresponding nses were 
lar in meaning (the Bi’ and By adjectives had a mean M value of 1.27; 
1949). The As-B»' and Az-Be lists had similar relationships (the Ba’ 
adjectives had a mean M value of 1.29). There was no apparent rela- 
ship between either the Ai-Bi' list and the As-B: list, or the Az-B»' list and 
e Ai-B: list. The combinations of the various lists were partially counter- 
inced such that half the subjects in the CD conditions receiv Ai-Bi’ as 
J and A»-B» as list 2, and the other half received A:-B»' as list 1 and A1-Bı 
2. Correspondingly, half the subjects in the AB' condition received Ai- 
as ^t 1 and A-B: as list 2, and the other half received As-Bs' as list 1 and 
2 as list 2. 


, —Procedure— Subjects were required to learn two successive paired-associate 
lists using the standard anticipation-learning method. Four different orders 
the items were used for each of the lists to prevent serial learning. A Stowe 
ory drum connected to two Hunter interval timers was used to 
e lists. The subjects were instructed not to respond during the first anticipa- 
tion trial. All learned list 1 at a 2:2-sec rate to a criterion of 14s. A 4-sec in- 
trial interval was used. If a subject failed to attain a criterion of "4s after 
trials (discounting the first trial, on which subjects were instructed not to 
pond), he was dropped from the experiment. This procedure was used to 
facilitate the scheduling of subjects. 
_ Before list 2 learning, the subjects were read brief instructions telling them 
of the particular change in the length of anticipation intervals (1.25 or 3.00 
Sec) appropriate to the condition they were in. As in list 1 learning, a 2-sec 
tudy interval was used. Four different starting orders were employed. Per- 
formance was measured over ten trials of list 2 learning. Again a 4-sec intertrial 
^ al was used in all conditions. 


RESULTS 


1 learning 


The means and standard deviations of the number of trials to criterion 
or list 1 learning (ignoring the first trial, on which the subjects were in- 
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structed not to respond) are shown in Table 1. An analysis of variance 
revealed no significant effects for list 1 learning [.14 < F < 177 (1, 56), 
p > .05 in all cases]. Thus, no significant differences were evident be- 
tween the groups before their list 2 learning. 


Table 1. Means and standard deviations for list 1 and list 2 learning 


List 2 
List 1 Mean number correct 
Trials to criterion (5 trials) 

Condition M SD M SD 
AB'-1.25 10.06 4.27 32.56 10.34 
AB’-3.00 10.38 4.04 57.25 9.48 
CD-1.25 12.75 4.68 271.38 13.98 
CD-3.00 10.13 4.03 40.00 12.30 


As we mentioned, there was a possibility that differential subject se- 
lection occurred, since different numbers of subjects were dropped from 
the various conditions for failing to meet the criterion of 1945 within 
20 trials during list 1 learning (0 < N < 5 per group). However, since 
there were no significant effects in the analysis of list 1 learning, and 
since the lists were counterbalanced, there is no reason to believe that 
the differential loss caused the average ability level of the subjects to be 
unequal among the four conditions. 


List 2 learning 


Performance was measured over ten trials of list 2 learning. Although 
substantial differences in performance as a function of anticipation- 
interval length continued to be present over all ten trials of list 2 learn- 
ing, any differences in performance as a function of paradigm disap- 
peared after the first five trials. Because transfer effects are usually most 
pronounced in the early stages of list 2 learning and have a tendency to 
dissipate during later trials, performance was analyzed for only the first 
five trials (again discounting the initial trial, on which the subjects were 
instructed not to respond). 

That performance in the four experimental conditions over the first 
five trials of list 2 learning is presented in Figure 1. And the means an 
standard deviations for the total number of correct responses during 
the first five trials of list 2 learning in each condition are shown in Table 
1. The crucial interaction, of paradigm and anticipation-interval length, 
was found to be significant [F = 4.14 (1, 56), p < .05]. 
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MEAN NUMBER OF CORRECT RESPONSES 


TRIALS 
Fig. 1. The mean number of items correct in the four experimental conditions 
for the first five trials of list 2 learning 


For the present experiment, then, the amount of positive transfer for 
AB' relative to CD was shown to vary as a function of the length of the 
anticipation interval. As expected, both main effects, of paradigm pre 
14.77 (1, 56)] and of anticipation length [F = 41.40 (1, 56)], were highly 
significant (p < .001). Although lists did prove to be a significant source 
of variance [F= 5.08 (1, 56), p < .05], none of the interactions between 
lists and the other main effects proved significant (F < 1 in all cases). 

The number of occurrences of various types of errors on list 2 in each 
of the four conditions is presented in Table 2. Immediately to the right 
of each listing of the actual number of errors is an entry expressing the 
number of errors as a percentage of the total number of responses for 
that particular condition. The first column includes those errors where 
the subject gave the appropriate list 1 response to the stimulus term in 
place of the correct list 2 response. This type of error could only occur 


Table 2. Errors during list 2 learning 


Appropriately 
Canis paired Total 
onditions intrusions Intrusions Errors responses 
AE L5 39 5.91% 52 7.89% 138 20.94% 659 
m 15 1.49% 21 2.09% 91 9.09% 1,001 
D-1.95 3 56% 91 17.2096 529 


CD-3.00 6 .77% 188 17.73% 718 
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in the AB' conditions, since only in the AB' conditions were the same 
stimulus items used in both lists 1 and 2. The second column lists the 
number of intrusions, which includes all those instances that a list 1 re- 
sponse was given during list 2 learning. For the AB' conditions this num- 
ber includes those instances presented in the first column. The third 
column contains the number of overt errors: intrusions from list 1, re- 
sponses not found in either list 1 or 2, and incorrect responses from 
elsewhere within list 2. It does not include omissions. The total number 
of overt responses, both correct and incorrect, is presented in the last 
column for each of the conditions. 

The relative number of occurrences of the various types of errors in 
the conditions is consistent with the mediation hypothesis. There were 
substantially more intrusions from list 1 in the AB’ condition (73) than 
in the CD condition (9), with a majority of the AB’ intrusions being ap- 
propriately paired intrusions (54 out of 73). More importantly, appro- 
priately paired intrusions accounted for 5.91% of the total responses in 
the AB’-1.25 condition and for only 1.49% of the total responses in the 
AB'-3.00 condition, which suggests that as the time to mediate is short- 
ened, the mediational chain is interrupted, causing an increase in the 
tikelihoog that the mediator rather than the mediated response will be 

cited. 


DISCUSSION 


By demonstrating positive transfer for the AB’ paradigm to be a func- 
tion of anticipation-interval length, the results of the present experiment 
support the mediational interpretation of the AB’ paradigm. They stand 
in agreement with the results of two studies (Richardson, 1967b; Rich- 
ardson, 1968) and in disagreement with three others (Runquist and 
Marshall, 1963; Spear et al., 1966; Richardson, 1967a). 

The question that must be asked is why differing results were obtained 
in the several studies on the effects of anticipation-interval length on 
AB' transfer. A difference in types of materials does not seem to account 
for the discrepancy, since only the study by Richardson (1967b) used 
substantially different materials (letters were used for responses). 

Richardson (1968) attributed the inconsistent findings to the differ- 
ence in lengths of study intervals employed in the various studies. The 
two studies using a 1-sec study interval (Richardson, 1967b; Richardson, 
1968) found that positive transfer for AB’ was a function of anticipation- 

interval length, and those studies using a 2-sec study interval failed 
to find such a relation between AB’ transfer and length of anticipation 
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interval. Richardson proposed that a ‘discovery and utilization’ concept 
of performance in AB’—a concept similar to the one proposed by Schulz 
and Lovelace (1964) to account for effects of test-interval length in 
three-stage mediation paradigms—might suffice to explain the conflict- 
ing results. 

However, as Postman has pointed out (1972), the application of Rich- 
ardson's ‘discovery and utilization’ hypothesis requires the occurrence of 
a triple interaction between length of study interval, length of anticipa- 
tion interval, and the amount of positive transfer for AB’. A study involv- 
ing a factorial manipulation of study and test intervals using 1.0- and 
25sec study intervals and 1.5- and 3.0-sec test intervals failed to obtain 
such an interaction for the A-B, B-C, A-C mediation paradigm (Schulz 
and Weaver, 1968). In addition, the present experiment found the 
amount of positive transfer for AB’ to be a function of anticipation in- 
terval length using a 2-sec study interval—the same study interval used 
in those previous studies that failed to find such an effect. Thus, the 
difference in lengths of study intervals, although possibly a contribut- 
ing factor, does not appear to be a sufficient explanation of the conflict- 
ing results of the several studies. 

A promising clue may lie in the fact that all those studies showing AB’ 
transfer to be a function of anticipation-interval length (Richardson, 
1967b; Richardson, 1968; the present experiment) have also shown 
strong initial positive transfer for AB’ in conditions involving long 
anticipation-interval lengths. In contrast, all those studies finding no 
such effect of anticipation-interval length on AB’ positive transfer (Run- 
quist and Marshall, 1963; Spear et al., 1966; Richardson, 1967a) have 
failed to obtain substantial amounts of initial AB’ positive transfer for 
any length of anticipation interval. It would seem that the success or 
failure of an experiment in demonstrating mediational effects for the 
AB’ paradigm depends on whether or not strong initial positive transfer 
is obtained for AB’ in those conditions involving long anticipation 


One way to account for the observations above is by a ‘mixed list 
conceptualization of the AB’ paradigm. If the A-B association is lost or 
if the assumed B’-B relationship is not apparent to the subject, then the 
nominal AB’ paradigm functionally becomes the negative transfer para- 
digm A-C, A-B (henceforth referred to as AC). If this happens for a cer- 
tain proportion of the items in a list of nominal AB’ items, the list 

mes functionally a ‘mixed’ AB’ and AC list. If the effect of anticipa- 
tion-interval length on AC performance relative to CD is different than 
AB’, either in degree or in kind, the outcome of any experiment on 
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the effects of anticipation-interval length on the nominal AB’ paradigm 
would depend on the relative proportion of functional AB' to functional 
AC items. However, at least to this author's knowledge, there is as yet 
no data on negative transfer for AC relative to CD as a function of 
anticipation-interval length. 

It was pointed out earlier in the paper that pilot work discovered that 
increasing the number of pairs in the list considerably amplified the 
initial positive transfer for AB' relative to CD. One explanation of this 
phenomenon is consistent with the mixed-list concept of the AB' para- 
digm. As the number of items per list is increased, the absolute number 
of items that can functionally serve as AB' items for the average subject 
is also increased. And as the number of functional AB’ pairs increases, 
the likelihood of getting a greater initial absolute number of items cor- 
rect would also increase. However, performance for CD should not in- 
crease correspondingly, If anything, initial absolute performance for CD 
should decrease as list length increases, since as list length increases, the 
retention interval also increases, placing a greater demand on memory. 

The mixed-list (or mixed-paradigm) hypothesis may also explain an- 
other common phenomenon. In most transfer studies with the AB’ para- 
digm, AB' performance in relation to CD exhibits either decreasing posi- 
tive transfer, increasing negative transfer, or a combination of the two 
effects as a function of trials in list 2 learning. To explain this phenome- 
non we make four assumptions: (a) that a nominal AB' paradigm is 
functionally a mixed AB' and AC paradigm in which the proportions of 
AB' and AC items depend on the particular subject as well as the mate- 
rials used, (b) that during list 2 learning the AB’ items are learned more 
rapidly than the AC items, (c) that during list 2 learning the AB’ items 
are learned more rapidly than the CD items, and (d) that during list 2 
learning the CD items are learned more rapidly than the AC items. It 
can be readily seen that the last three assumptions are merely restate- 
ments of traditional transfer theory. d 

With these four assumptions we can define initial transfer for AB’ 
relative to CD as the difference between the number of functional AB’ 
items in list 2 and the mean initial-performance level for the CD com 
trol. If the number of functional AB' items is smaller than the average 
initial-performance level for CD, then initial negative transfer will occur 
for AB’. Once a subject has learned all the functional AB’ items and be- 
gins to learn the functional AC items in the mixed list, the rate of in- 
crease in performance across trials for AB’ will decrease in relation to 
the rate of increase in performance across trials for CD. And once the 
rate of increase in performance across trials for AB’ falls below that © 
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CD, the typical interaction between AB’ and CD in performance across 
trials will occur. Note that during the course of list 2 learning, an item 
that may initially have been a functional AC item can become a func- 
tional AB’ item if the subject is able to resurrect the association learned 
in list 1 or if he eventually learns the association between the B’ and B 
terms. 

Unfortunately, although the mixed-paradigm hypothesis fairly suc- 
cessfully describes performance with the AB’ paradigm, it does not 
easily lend itself to an experimental test of its own validity, since the 
relative proportions of AB’ and AC items within a list are by definition 
subject-defined variables. 


Notes 


The present study was undertaken as partial fulfillment of the requirements 
for an undergraduate honors degree at the University of Iowa. The research 
was supported in part by Grants GB8392X and GY7251 from the National 
Science Foundation, the first a research grant to Professor R. W. Schulz for 
work on mediation, the second a grant in support of undergraduate research 

icipation. The author acknowledges the aid and miaa of Professor 

ulz, who was responsible for stimulating much of the thought and work 


that culminated in this paper. Revised manuscript received for publication 
April 7, 1971. 
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CONTOUR-CONTINGENT COLOR AFTEREFFECTS: 
RETINAL AREA SPECIFICITY 


C. F. Stromeyer III 
Stanford University 


Once an area of the retina was adapted to colored gratings, the aftereffect 
colors were judged to be most saturated when the test grating approximately 
coincided with the adapted area, less so as the overlap was reduced. The 
colors disappeared when the grating was moved just o the area and reap- 
peared when the grating was moved very near it. In brief, the McCollough 
effect is highly area specific. 


McCollough demonstrated a color aftereffect specific to the orienta- 
tion of gratings of light and dark bars (1965). The aftereffect was built 
up by alternating a vertical grating of black stripes on one color with 
a horizontal grating on another color. Negative color aftereffects were 
seen on test gratings of black and white stripes, in a retinal orientation 
like that of the adaptation gratings. 

The question in the present paper is whether the aftereffect is area 
specific. That is, does adapting a small area of the retina to colored grat- 
ings produce a color aftereffect that can be elicited by a small test grat- 
ing placed almost anywhere on the retina, or must the grating fall on 
the originally exposed area? A nonlocalized aftereffect might reflect a 
learning process (an association between edge orientation and color) or, 
alternatively, an adaptation process involving cells with very large re- 
ceptive fields. A localized aftereffect, on the other hand, might suggest 
that the effect depends on cells with small receptive fields —and would 
be consistent with the findings on many other sensory aftereffects. 

Two classes of area-specific (localized) aftereffects may be distin- 
guished. One class requires that the adaptation, or inducing, stimulus 
remain quite fixed on the retina. The afterimage is the typical case: a 
sharp afterimage is seen only when the inducing stimulus is not smeared 
over the retina. The figural aftereffect may also behave like an after- 
image: the inducing stimulus produces a relatively fixed process on the 
retina, which distorts or displaces other contours subsequently placed 
Near the affected area (Köhler and Wallach, 1944; Osgood and Heyer, 
1952; Ganz, 1966). 
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A second class of area-specific aftereffects does not require that the 
inducing stimulus stay fixed on the retina. The subject can scan the 
stimulus, or the stimulus can be moved over the retina. However, these 
aftereffects are also, in a sense, area specific: they are restricted to the 
area of the retina exposed to the adaptation stimulus, or opposite after- 
effects may be produced on adjacent areas of the retina. This class 
includes the short-term spiral aftereffect (Richards and Smith, 1969; 
Sekuler and Pantle, 1967), the 24-hour spiral aftereffect (Masland, 1969), 
the color aftereffect specific to the direction of edge motion (Stromeyer 
and Mansfield, 1970), and the increase in contrast threshold for a grat- 
ing moving in the same direction as a high-contrast inspection grating 
(Pantle and Sekuler, 1969). 

In addition to motion aftereffects, the second class of arca-specific 
aftereffects also includes certain ones due to stationary contours. For 
example, adaptation to a grating both raises the contrast threshold for 
seeing a test grating of similar orientation and spatial frequency (Blake- 
more and Campbell, 1969) and causes an apparent frequency shift away 
from the adaptation frequency (Blakemore and Sutton, 1969; Blake- 
more, Nachmias, and Sutton, 1970). The frequency shift is area specific, 
for opposite effects can be produced on adjacent areas of the retina 
(Blakemore et al, 1970), and adaptation to a small-area grating may 
produce a frequency shift restricted to a small region of a large-area 
test grating (C. Blakemore, personal communication). The threshold 
elevation is also area specific, if we accept the argument that the two 
aftereffects are manifestations of a common neural mechanism (Blake- 
more and Nachmias, 1971). 

Now, the McCollough effect does not behave like a striped after- 
image, for Harris and Gibson (1968) have shown that the aftereffect 
can be built up by exposing the retina to randomly positioned colored 
gratings. Thus, the McCollough effect does not fall into the first class 
of area-specific effects. Does it fall into the second? 

Several experiments have been performed to determine whether the 
aftereffect is restricted to the area of the retina exposed to the adapta- 
tion gratings. Murch (1969) built up aftereffects with two alternating 
colored gratings. The aftereffect colors appeared to extend over the en- 
tire surface of test patterns even twice the angular size of the gratings 
that had been fixated during adaptation. However, these subjects SEE 
instructed to ignore any color that moved with their eyes. Using Murch's 
technique, Stromeyer (unpublished findings) also found that after sub- 
jects had adapted to small-area color gratings, a large test grating ap- 
peared colored all over. But it is possible that small eye movements may 
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have generated a shallow color gradient here, which might have caused 
the color aftereffect to appear to spread beyond the adapted area; a 
shallow luminance (O'Brien, 1958) or color gradient (Lettvin, 1967; 
Krauskopf, 1967) can produce the perception of a homogeneous gray 
expanse or homogeneous color expanse. 

Patterns with strong internal boundaries may help limit this spread. 
Harris (1969) has shown that opposite aftereffects can be built up on 
adjacent areas of the retina. The adaptation and test patterns he used 
were divided into four quadrants, each of which contained a vertical or 
horizontal grating measuring 4 deg on each side. The quadrants them- 
selves were separated by .5-deg-wide black bars (C. S. Harris, personal 
communication). A green aftereffect specific to verticals was produced 
in one quadrant, and a red aftereffect, also specific to verticals, in an 
adjacent quadrant. Here, however, the black bars separating the quad- 
rants and the fact that opposite effects were built up side by side may 
have prevented each aftereffect from spreading beyond its quadrant. 

In the experiments that follow, the subjects were neither presented 
patterns with strong internal boundaries nor were they asked to judge 
an elusive border between a region of color and a region of no color 
on a large test pattern. Instead, they simply judged whether or not a 
small test grating appeared colored as it was moved into various retinal 
locations relative to the adapted area. 


EXPERIMENT I 
Method 


—Subjects—Four Harvard students with normal color vision as tested with 


the AO. H-R-R pseudoisochromatic plates served in the experiment. They 
Were untrained, 


—Apparatus—Figure 1 shows the adaptation and test display (with grating 
vertical). Vertical and horizontal gratings were projected alternately in the 
position shown in Figure 1. The black and white grating bars subtended 38 
and 28 min of angle respectively, with luminances of 6 and 98 mL. 

During adaptation the vertical grating was projected through a Wratten 
55 filter (green, dominant \ with illuminant A, 524 nm; excitation purity, 
82% ; luminous transmittance, 25% ) and the horizontal grating through a 
Wratten 26 filter (red, 621 nm; 100%; 19%). The same gratings, without 
colored filters, were used in the test condition, The projection screen (the 
large white rectangle shown in Figure 1) was placed at a 2-m viewing 
distance during the adaptation period and at various distances during the 
Beg However, the gratings were always kept at a constant angular size and 
retinal spatial frequency, and the left edge of the gratings always fell on the 
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Fig. l. Adaptation and test pattern (with vertical grating) at a 2-m viewing 


distance, Experiment I 


vertical bisector of the screen. The fixation point was attached to a thin wire 
that could be moved horizontally (see Figure 1). 


—Procedure— The subject sat 2 m from the screen, with his chin on a rest, 
and stared at the fixation point (the small dot in Figure 1) for a period of 
20 min while the -vertical and red-horizontal gratings were interchanged 
every 10 sec. Adaptation was followed by a 5-min rest. In the test, the 
gratings, without colored filters, were interchanged about every .5 sec. 

xation point was initially at the left edge of the screen, and the subject was 
told to continuously fixate the point. The experimenter then slowly mov 
the point horizontally until the subject indicated that the aftereffect pipe" 
maximally saturated; the subject could ask the experimenter to move the point 
left or right. One judgment was made with the screen at 2 m, and then one 
each at 3 and 4 m, to see whether the aftereffect obeys Emmert's law. 


Results 


AII four subjects reported that the vertical test grating wa 
and the horizontal green when the gratings overlapped the 
retinas originally exposed to the colored gratings. A flash of color was 
seen each time the gratings were interchanged. Table 1 shows the an- 
gular distance between the fixation point and the left edge of the grat 


s tinted red 


area of the 
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ings at which the aftereffects appeared most saturated. On the 

___ the fixation point was set about 5 deg to the left of the gratings at all 
[ distances. During adaptation the distance had been 4 deg 23 
o min. the aftereffect appeared most saturated when the retinal 
locations of the adaptation and test gratings approximately coincided. 


Table 1. in deg and min between fixation point and left of test 
gratings s e appeared maximally dais <= 


Viewing distance 
Subject 2m 3m 4m 
RM 5*3" 4*56' 5*3 
DH 5*14' 6°29 5°27" 
AF 4*50* 3°37’ 4*43" 
sc 4°47’ 5°32’ 5°29’ 
Geometric means 4°57’ 5°2’ 5°10 


EXPERIMENT II 


This experiment examined the degree of overlap between the retinal 

_ cations of the adaptation and test gratings that would be required to 

4 se any aftereffect at all. Presumably, a highly area-specific aftereffect 

would disappear when the test grating was moved just off the adapted 
area, 


Method 


—Subjects—The three subjects, including the author, were highly experi- 
enced with the McCollough effect but had never made the judgments re- 
quired in the present experiment. 


paate For adaptation, vertical and horizontal gratings with .2-deg 

and white bars were rear-projected on a ground-glass screen by pro- 

with 500-w bulbs. Each grating was 7 deg 8 min square at a viewing 

of 82 cm. The luminance of black and white bars was 36 and 600 mL. 

- 4 The vertical grating was projected through a Wratten 53 filter (green, 

dominant X with illuminant A, 559 nm; excitation purity, 82%; luminous 

8%) and the horizontal grating through a Wratten 34a filter 
stent, 574c nm; 92%; 4%). (These filters produce remarkably stron 
, as evidenced by many observers in this and oi experiments. 

A tiny red fixation light Ede either at the center of the left edge of the 

Bratings or at the center of the top edge. The gratings were interchanged 

every 1 sec. On each presentation the gratings were projected in the same 

or shifted 180 deg in phase relative to the fixation point, according to 

à random schedule. This technique was used to assist in homogeneously 
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adapting a given retinal area to black and colored bars (Harris and Gibson, 
1968). 

The test pattern, illustrated in Figure 2, was com) nosed of two gratings 
that formed a square of 6 deg 44 min, from a viewing Titanics of 82 cm. The 
retinal width of the bars matched the adaptation gratings The pattern was 
illuminated by fluorescent lights such that the luminance of the white bars 
was 20 mL. Either the pattern was oriented as shown in Figure 2, in whic h 
case it could be moved horizontally relative to a stationary fixation point on 
the horizontal bisector of the pattern, or was oriented 90 deg clockwise from 
the position in Figure 2 and could be moved vertically relative to a fixation 
point on the vertical bisector of the pattern. The pattern was moved along 
a track by means of strings. A white cardboard surround was placed behind 
the test pattern. 


Fig. 2. Test pattern, Experiment I 


— Procedure— To build up an aftereffect in each session, the subject, his head 
on a chin rest, stared at the small fixation light for three 5-min periods o 
exposure to the colored gratings, each exposure separated by a short rest. 
In the first test session the fixation light was positioned at the left edge of the 
gratings (to adapt an area to the right of the fixation point), and the subject 
moved the test pattern left past the fixation point to the position at which @ 

color just disappeared from the gratings, and then right toward the fixation 
point until the first trace of color appeared. The pattern was moved in one 
direction at a time, and no opposite movement was permitted. Each judgment 
was repeated five times. In the second test session, the fixation light was 
positioned at the middle of the top edge (to adapt an area below the fixation 
point), and the subject moved the pattern up past the fixation point to the 
position at which all color just disappeared from the gratings, and then 
down toward the fixation point until the first trace of color appeared. Eac 
of these judgments was repeated three times. 


A 
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Results 


Table 2 shows the results. The test pattern appeared colorless when 
positioned 40.4 min (geometric mean for all subjects) to the left of the 
adapted area (first session), or when positioned 27.6 min above the 
adapted area (second session). The first trace of color appeared when 
the pattern was positioned 20.0 min to the left of the adapted area, or 
when positioned 8.5 min above the adapted area.’ The judgments of 
each subject were highly consistent, as shown by the small standard 
error of the means (oy). 


Table 2. Geometric means of angle in min between fixation point and right 
(or bottom) edge of test gratings at which all color just disappeared from or 
color just appeared on the grating 


Color disappeared Color appeared 
Grating moved Grating moved 
Subject left (up) oy right (down) oy 
First session 
MW —41.7 7.1 —21.9 T.6 
Cs —344 T5 —181 9 
BJ —44.7 4.0 +35.8 42 
Group means —40.4 —20.0ł 
Second session 
MW (—31.5) (1.5) (—19.1) (1.1) 
cs (—23.2) (2.6) (+ 2.2) (5.9) 
Group means (—27.6) (— 85) 


Note: Positive angles indicate direction right (down) from the fixation point; 
Zy is the standard error of the mean based on five (three) judgments. 
t Mean excludes subject BJ. 


DISCUSSION 


Experiment I demonstrated that the aftereffect was most saturated 
When the test pattern approximately overlapped the adapted area, 
Whereas Experiment II demonstrated that the aftereffect disappeared 
when the test pattern was moved only about .5 deg off the adapted 
area, and then reappeared when the pattern was brought within about 
3 deg of the adapted area. In Experiment II, all subjects reported that 
the aftereffect appeared most saturated when the test pattern largely 
overlapped the adapted area and that the aftereffect desaturated when 
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the extent of overlap was reduced. In spite of the weakness of the 
colors when the test pattern was moved just off the adapted area, the 
subjects’ judgments were highly consistent. When the pattern partially 
overlapped the adapted area, no subject reported seeing a sharp border 
between an area of color and an area of no color on the test pattern, 
although the aftereffect appeared more saturated on the adapted side. 

Thus, we may conclude that the McCollough aftereffect is area spe- 
cific in the sense that the effect is seen only when the test pattern over- 
laps the retinal area originally exposed to colored gratings. However, 
in some cases, with a large test pattern, subjects may be unable to re- 
port that the aftereffect color is strictly confined to the adapted region. 


Notes 


Received for publication June 4, 1971. 

1. The value of 20.0 min is based on the data for subjects CS and MW 
alone. Subject BJ required considerably more overlap of the test pattern and 
adapted area to see the first trace of color than did the other two subjects. 
Later questioning revealed that BJ had set the pattern so that both the green 
and the pink aftereffects were seen, whereas subjects CS and MW had set 
it so that a trace of either aftereffect was seen. 
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FREE RECALL OF ITEMS PRESENTED AFTER 
MASSED- AND DISTRIBUTED-PRACTICE ITEMS 


David G. Elmes, William I. Greener, and William C. Wilkinson 
Washington and Lee University 


When critical items were presented after items receiving either massed or 
(at repetition lags of 3 or 10 events) distributed practice, free recall was 
better on the distributed- than massed-practice items, but worse on the criti- 
cal items after distributed- than after massed-practice items. Differential en- 
coding, rather than consolidation, better accounts for the differences with the 
two kinds of practice. 


Several recent studies (see Melton, 1970) have demonstrated that the 
retention of items receiving distributed practice exceeds the retention 
of items receiving massed practice. Two general kinds of explanations 
have been offered to account for this effect (Bjork and Allen, 1970). The 
first, the consolidation hypothesis, asserts that the longer the interval 
between repetitions, the greater the consolidation (strength) of the item 
in memory. The second class of explanations, the differential-encoding 
hypotheses, states that items are encoded better in distributed than in 
massed practice, presumably because subjects do not encode the sec- 
ond presentation of an item adequately in massed practice (Underwood, 
1970) or because more new information is encoded during the second 
im of an item in distributed than in massed practice (Melton, 

Bjork and Allen (1970) have provided evidence in favor of differential 
encoding. Their study involved variation of task difficulty between item 
repetitions rather than distribution of practice. Contrary to the consoli- 
dation hypothesis, Bjork and Allen found slightly better retention when 
à difficult task separated the two item presentations than when an easy 
task intervened between repetitions. 

The present studies tested the differential-encoding and consolidation 
hypotheses with a manipulation of massed versus distributed practice. 
Free recall of ‘critical’ items presented after those practice items was 
examined. If more adequate processing of items occurs in distributed 
than massed practice, as supposed by the notion of differential encod- 
ing, then recall of critical items presented after distributed-practice 
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items should be poorer than recall of critical items presented after 
massed-practice items. On the other hand, if time in storage is the im- 
portant variable, as the consolidation hypothesis holds, then recall of 
critical items should be unaffected by the type of practice on the previ- 
ous item in the list. 


METHOD 


—Experiment I—Thirty Washington and Lee University students in intro- 
ductory psychology heard and free-recalled two lists of 16 two-syllable nouns 
that had Thorndike and Lorge (1944) frequencies of at least 50 per 1,000,000 
words. 

A sample list appears in Table 1, showing the massed- and distributed-prac- 


Table 1. Portion of list illustrating task and materials, Experiment I 


weather 
anger 
midnight 
uncle 
circle 
circle 
purpose critical after massed practice 
empire 
number 
number 
distributed practice purpose critical after massed practice 
distributed practice honey critical after distributed practice 
language 
language 
empire 
honey critical after distributed practice 


massed practice { 


massed practice { 


midnight 
weather 
uncle 


anger 
g 


tice items of interest as well as the critical items presented thereafter. Several 
features of the lists are notable: (a) all items were presented twice, ( 
buffer items began and ended the lists to minimize primacy and recency 
effects on the items of interest, (c) a given critical item (say, "purpose oT 
"honey") always occurred after either a massed-practice item or after a dis- 
tributed-practice item, (d) all criticals had a repetition lag of 3 events, an 
(e) each list contained two critical items after massed-practice items ant 


two critical items after distributed-practice items, with one of the distributed 


items having a repetition lag of 3. 


> 


-—- 
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A tape recorder presented the words at a 3-sec rate, and subjects had 60 
sec for written free recall. Three word orders of the two lists were formed. 
Ten subjects learned one set of these forms. Counterbalancing assured that 
each list form occurred first equally often. 


—Experiment II—This experiment differed from the first one as follows: (a) 
each subject free-recalled two 44-item lists, (b) each list contained three 
critical items after the massed-practice items, three criticals after distributed- 
practice items with a repetition lag of 3, and three criticals after distributed- 
pose items with a repetition lag of 10, (c) 90 sec was allowed for written 
ree recall, (d) critical items had a repetition lag of 13 events, and (e) ten 
introductory psychology students at Washington and Lee University served 
as subjects. 


RESULTS AND DISCUSSION 


The percentages of massed- and distributed-practice items recalled 
in both lists of Experiments I and II are shown in the upper portion 
of Table 2. Consistent with previous results (Melton, 1970), distrib- 


Table 2. Percentage correct free recall on 
and after massed-practice (MP) and dis- 
tributed-practice (DP) items 


Repetition lag 
MP DP DP 
Experiment 0 3 10 
Practice items 
33 42 
II 12 21 23 
Critical items 
I 49 35 
II 38 25 18 


uted practice resulted in better free recall than did massed practice 
[F(1, 29) = 5.26, p < .05 in Experiment I; F(2, 18) = 5.33, p < .025 in 
Experiment II]. Neither lists nor the interaction of lists and repetition 
lag was a significant source of variance (Fs < 1.27). In Experiment Il 
the free recall under distributed practice was not reliably better with a 
= lag of ten than with one of three, by the Tukey (a) test (Winer, 
_ Recall of critical items presented after massed- and distributed-prac- 
lice items is of primary interest. As shown in the lower portion of 
Table 2, recall was lower for critical items presented after distributed- 
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practice items than when the critical items occurred after massed-prac- 
tice items. This effect was reliable in both studies [F(1, 29) = 5.22, 
p < 05 in Experiment I; F(2, 18) = 467, p < .025 in Experiment II}. 
No interactions approached conventional significance levels (Fs < 1). 

Lower recall of critical items presented after distributed-practice items 
than after massed-practice items does not seem readily interpretable in 
terms of consolidation. Rather, the superior recall of critical items pre- 
sented after massed-practice items indicates that subjects operate on 
massed- and distributed-practice items in different ways. Two related 
ways of differential processing could account for the present results, In 
the first place, if subjects ignore or pay less attention to the second 
presentation of an item in massed than in distributed practice, the criti- 
cal item immediately following a massed-practice item should be 
learned more easily than a critical item following a distributed-practice 
item. Secondly, if more new storage and retrieval cues accrue to dis- 
tributed- than to massed-practice items, it seems reasonable to expect 
attenuated performance on items after distributed-practice ones. Al- 
though evidence is lacking in the present studies to enable a) choice 
between these processes, it may be that both factors operate to pro- 
duce the different practice effects. 


Notes 


This research was supported by a Robert E. Lee Research Grant. Portions of 
these data were presented by the second author at the meetings of the 
Virginia Academy of Science, Blacksburg, May, 1971. Requests for reprints 
should be sent to David G. Elmes, Department of Psychology, Washington 
and Lee University, Lexington, Virginia 24450. Received for publication 
June 3, 1971. 
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THE McCOLLOUGH EFFECT CREATED BY 
COMPLEMENTARY AFTERIMAGES 


Gerald M. Murch and Joy Hirsch 
Portland State University 


A new version of the McCollough effect was found in three experiments in 
which line orientation and color were separated. The results indicate that a 
complementary afterimage evoked by a lined pope can serve as an effective 
stimulus to create the McCollough effect—which suggests that the effect is 
not adequately explained by adaptation of color-coded edge detectors. 


McCollough (1965) was the first to observe the visual effect that a 
pattern of vertical stripes on a red ground, alternating with a pattern 
of horizontal stripes on a green ground, has upon the subsequent per- 
ception of a test pattern of vertical and horizontal lines on a white 
ground. Observers usually report an apparent reddish color on the hori- 
zontal and a greenish color on the vertical portions of the neutral test 
pattern. This is know as the McCollough effect. 

Based on Hubel and Wiesel’s observation (1959, 1968) that the visual 
system of the vertebrate contains edge detectors sensitive to line orien- 
tation, McCollough’s model (1965) to explain the effect assumed that 
these detectors were color sensitive and subject to fatigue after suc- 
cessive stimulation, responding with decreased sensitivity to those wave- 
lengths with which they had been most recently stimulated. According 
to McCollough, the effect was the result of a fatiguing of the vertical- 
line detectors sensitive to red, a fatiguing such that the test pattern’s 
vertical lines were then processed by the nonadapted vertical receptors 
for green and blue. Similarly, prolonged viewing of the horizontal pat- 
tern on green fatigued the horizontal-line detectors sensitive to green, $0 
that the test pattern’s horizontal lines appeared reddish. 

Stromeyer (1969) further observed that alternating a single pattern 
9n a colored background with another, orthogonally oriented pattern 
9n a neutral ground would also produce the usual McCollough effect. 
An inspection pattern of vertical lines on a red ground (‘red verticals’) 
alternated with an inspection pattern of horizontal lines on a white 
ground produced a greenish aftereffect on the verticals and a reddish 
aftereffect on the horizontals of a test pattern. Stromeyer explained his 
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results by hypothesizing that the color-sensitive vertical and horizontal 
line detectors are organized in an opponent manner, since the red ver- 
ticals had produced both a green aftereffect on the verticals and a red 
aftereffect on the horizontals of his neutral test pattern. 

Yet, an assumption of opponently organized line detectors is not re- 
quired to explain Stromeyer's results. It could also be that the prolonged 
viewing of the red verticals in his experiment fatigued the retinal re- 
ceptors sensitive to red, so that the white background of the horizontal 
inspection pattern was processed primarily by retinal units specific for 
blue and green. Over several alternations the effective stimulus pattern 
would thus be red verticals and blue-green horizontals. This explana- 
tion assumes that a complementary afterimage paired with a lined pat- 
tern can be an effective stimulus for the McCollough effect. 


EXPERIMENT I 


This experiment sought to test the possibility that a complementary 
afterimage can induce the McCollough effect. The color stimulus and 
the lined pattern were separated, in such a way that a colored field was 
alternated with a lined pattern on a white ground during inspection. 
If the complementary-afterimage hypothesis holds, then red alternating 
with, say, verticals should result in a red aftereffect of the verticals on 
a neutral test pattern, as the effective stimulus is the red complementary 
afterimage (blue-green) to the first inspection pattern, plus the verticals 
on the other inspection pattern, 


Method 


—Apparatus—The two inspection patterns (unlined colored field and verti- 
cal or horizontal lines) were alternately projected on the same portion of a 
white screen via Kodak Carousel projectors. Either a Wratten 61 (green) or 
25a (red) filter provided the unlined colored field. Neutral density filters 
were also mounted with the colored filters such that the intensity of eac 

rojection measured 10.0 ftc at the screen. Both inspection patterns sub- 
tended 11.6 deg of visual angle; each black vertical or horizontal line sub- 
tended 12.4 min of arc, with the white area between the lines subtending 
24.9 min of arc. The frequency of presentation, the duration, and the Un 
terval between presentations were all controlled by solid-state programming 
equipment. g 

Two more projectors provided the test patterns, vertical or horizontal lines 

on a white background. The dimensions and intensity of each test pattern 
were the same as for the inspection patterns. The two test patterns were 

rojected on the screen simultaneously and side by side, the space between 
them subtending 35 min of arc. 
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—— Procedure—Each of the 31 subjects was run individually. Upon reporting 
for the experiment the subject was seated behind a control panel and was 
asked to look through a binocular viewer at the screen 10 ft away. He was 
informed that he would see a series of projections on the screen and that he 
was to look carefully at each projection but not to maintain a strict fixation 
point. After the last projection, he was told that he would probably see a ‘blob’ 
of color floating in space and moving about as he shifted his gaze. He was to 
wait until this color disappeared and then turn on the test patterns by using 
the two switches on the control panel in front of him.! He was then asked to 
study the test patterns and to name any color he saw between the dark lines 
of each of the two patterns. Also, he was required to match that color on a 
projection colorimeter (similar in design to Riggs’, 1964). 

Of the subjects 16 got the green stimulus alternating ten times with the 
horizontal pattern (‘green plus horizontals’). The others got the red field 
alternating with the vertical pattern (‘red plus verticals’). Each stimulus pat- 
tern was presented for 10 sec with a 1-sec interval between patterns. 

After the subject had indicated the colors for the vertical and horizontal 
test patterns and matched them with the colorimeter, a disinhibition series 
was begun. The inspection color was paired with the other line pattern (if 
the pair green plus verticals was used in inspection, green plus horizontals was 
used in disinhibition), and a single alternation of the new inspection patterns 
was presented. After the ‘free-floating’ afterimage disappeared, the subject 
tumed on the test patterns and named the color on each. This procedure of a 
single alternation of the orthogonal line orientation and color followed by the 
test patterns was repeated until the subject indicated that the test patterns 
appeared colorless. 


Results 


Of those subjects who were first presented a red field alternating with 
vertical lines, five reported that the horizontals on the test pattern ap- 
peared green, the verticals colorless. Two reported the other half of 
the effect: the verticals on the test pattern appeared red. Two saw both 
halves of the effect (red aftereffect on verticals and green on horizon- 
tals), and six reported no aftereffect. Of those subjects who were first 
shown a green field alternating with horizontals, ten subjects reported 
the red aftereffect on the verticals, and only one saw the green after- 
effect on the horizontals of the test pattern, One reported the entire 
effect, and four reported no aftereffects. 

The colorimetric matches were translated into CIE x,y coordinates. 
While these matches were intended primarily as a control for the ac- 
Curacy of color names, they also were used in several instances by sub- 
jects who indicated no McCollough effect by color name but then 
selected an appropriate match on the colorimeter. 

The conditions of this experiment produced a color aftereffect that 
differs from the usual McCollough effect. Instead of the aftereffect be- 
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ing one in which the inspection of red verticals produces at the test the 
approximate inspection-color complement (green) on the inspection 
orientation (vertical), here the inspection of red plus verticals produced 
the inspection color itself (red) on the inspection orientation (vertical) 
or the opponent color (green) on the orthogonal orientation (horizontal), 
But if one considers the inspection patterns in terms of a complementary 
afterimage evoked by the lined pattern on white, then the results of 
this experiment do conform to previous work on the McCollough effect, 
for it was the complement of the afterimage of the inspection color that 
was seen on the inspection orientation during testing (or the other half 
of the effect, the inspection color on the orthogonal orientation). These 
observations do not refute Stromeyer's postulation of opponently or- 
ganized edge detectors but do support the hypothesis that a complemen- 
tary afterimage may serve as a stimulus for an orientation-specific color 
aftereffect. 


EXPERIMENT II 


If in fact the complementary afterimage evoked by the lines on the 
neutral inspection pattern is responsible for the reversed McCollough 
effect, then the effect should also occur if both conditions of Experiment 
I are combined in such a way that both red and green fields and vertical 
and horizontal lines are alternately presented. The complementary 
afterimages of those fields should occur on, or be evoked by, the follow- 
ing presentation of patterns of vertical and horizontal lines, thus pro- 
ducing a reversed McCollough effect on the test patterns. 


Method 


A total of 28 subjects observed this inspection sequence alternate ten times: 
unlined green field, vertical lines on white, unlined red field, horizontal lines 
on white. Each stimulus element was projected on the screen for 10 sec with 
a L-sec interval between elements. In all other details the study paralleled 
Experiment I. 


Results 


The frequency of color names and the CIE x,y coordinates generated 
by all 28 subjects are shown in Table 1. A little less than half the subjects 
reported the expected greenish color on the vertical test pattern and the 
reddish color on the horizontal test pattern. Six subjects saw only the 
red half of the effect; one reported only the green half. The other sub- 
jects reported no color aftereffect. Again, the resultant effects—here, 
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Table 1. “team: pod of color names and associated mean CIE x,y coordinates 


for vertical and horizontal test patterns, Experiment II 

EMEN Color matey 

meeColorname — Vertical Horizontal 

Vertical — Horizontal N x y x y 
Green Red 13 2312 5569 2541 5425 
Red 6 .2305 5335 2367 5297 
Green. 1 .2270 5470 .2301 5400 
No aftereffect 8 2318 — .5400 2292 — ,5390 


green on the test verticals and red on the test horizontals after inspec- 
tion of red plus horizontals and green plus verticals—must result from 


complementary afterimages processed in conjunction with specific line 
orientations. : 


EXPERIMENT III 


One way to test the influence of the adaptive state of the retina at 
the time the inspection lines are presented would be to lengthen the 
interval between stimulus clements. If a green field is alternated with 
horizontal lines on a white ground, for example, lengthening the inter- 
val between the presentation of the green and the horizontals may be 
assumed to allow the retinal units to return to base-level functioning 
Prior to the introduction of those horizontals. The McCollough effect 
occurs with intervals between the alternating patterns as long as 60 sec 
(Hajos, 1969), but if the effective stimulus is the afterimage of the 
colored field, increases in the interval between field and horizontals 
should result in a reduction in the reported frequency of the effect. 


Method 


This experiment followed the design of Experiment I, with the exception 
that four interstimulus intervals of 15, mes 50 sec were employed. Six- 
teen subjects were observed for all interstimulus intervals. The of in- 
tervals was randomized across subjects. By using the Nisan of disinhibition, 
we could observe all subjects at all intervals in a single one-hour sitting. To dis- 

the effect, the line orientation was changed to vertical and a sin 

tion of green field and vertical lines was presented, followed by the 
test patterns. This procedure was continued until the subject described 
test patterns as colorless. 

An observers were shown a solid green field alternating with a pattern of 

i ‘zontal lines. After ten alternations the subject turned on one test pattern 
of vertical and another of horizontal lines and indicated by name and 
titer rating any color on the test patterns. 


ia 
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Results 


The results are shown in Table 2, which indicates color names for the 
vertical and horizontal test patterns as a function of interstimulus in- 
terval between inspection patterns. (The matches with the colorimeter 
again controlled for the accuracy of color names.) After inspection of 
green horizontals, there was, as close examination of Table 2 shows, à 
decrease in the number of red aftereffects reported on the vertical test 
pattern alone (second row ) as the interstimulus interval of inspection 
increased, and a progressive increase in red aftereffects reported on 
both vertical and horizontal test patterns (fifth row). 


Table 2. Frequency of color names as a function of interstimulus interval for 
vertical and horizontal test patterns, Experiment Ill 


Reported color name Frequency of reported name 
Vertical Horizontal l sec 5 sec 20 sec 50 sec 
Red Green 1 2 1 2 
Red 10 5 5 2 

Green af 1 0 0 

Red 0 0 3 2 

Red Red 0 6 T 9 
No aftereffect 4 9 0 1 


These results suggest that as the interstimulus interval was increased, 
the state of adaptation of the retinal color receptors for green on the 
horizontals tended to return to neutral, producing a lesser red response 
to those inspection horizontals with the receptors’ adaptation for green. 
Thus, the effective afterimage stimulus was no longer processed with 
horizontal lines and, assuming that the green field was then processed 
equally by receptors specific to all orientations, the dominant aftereffect 
became one of red on both test patterns. 


DISCUSSION 


The observation that a complementary afterimage can serve as the 
effective stimulus for the McCollough effect when the afterimage 15 
produced against a background pattern of vertical or horizontal lines has 
some interesting ramifications for the theoretical interpretations of the 
McCollough effect. The adaptation of color-coded edge detectors no 
longer appears to be an adequate explanation. The more recent WO” 
of Hubel and Wiesel (1968) indicates that edge detectors in the cor 
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tex of the primate demonstrate little selectivity for wavelength, while 
cells in the lateral geniculate body demonstrate primarily opponent- 
color properties. As has been suggested earlier (Hirsch and Murch, 1971), 
color adaptation may occur at the lateral geniculate body in conjunc- 
tion with cortically located vertical and horizontal detectors. However, 
extensive behavioral and physiological observation will be required 
before the mechanism mediating the McCollough effect is completely 
understood. 


Notes 


This research was supported by Research Grant NSF GB11817 from the 
National Science Foundation, Division of Psychobiology. The authors thank 
Barbara Breck for her aid in data collection. Received for publication April 
15, 1971; revision received June 22, 1971. 

1. This procedure allowed a subject to familiarize himself with a com- 
poset afterimage in order that he might distinguish it from a McCol- 
lough effect. 
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A DEMONSTRATION OF COMPLEX RULE 
LEARNING IN CHOICE PREDICTION 


Mari R. Jones and James R. Erickson 
Ohio State University 


Four groups (N — 16) of college students predicting 312 trials of a com- 
E rice test sequence all learned to respond to rule-determined rather 
event-run cues; accuracy increased with training on similar rules in dif- 
ferent run-length distributions. This ability to abstract and discriminate com- 
plex relationships within events regardless of event-run properties implies a 
rule-learning rather than run-theory view of sequential learning. 


On the basis of experiments with artificial grammars, Braine (1963) 
has argued that what is learned in an utterance is the temporal location 
of elements in a large hierarchical scheme. The implications of this ap- 
proach for sequential learning are rather different than those of either 
tun theory (Myers, 1970) or rule theory (Restle, 1967; Restle and Brown, 
1970). 

Run theory, for example, has considered subjects’ sensitivity to the 
temporal order of events, but these have been homogeneous events in 
Tuns, and the attempts at more complex descriptions of sequential learn- 
ing have been limited to simple run-run contingency assumptions (But- 
ler, Myers, and Myers, 1969; Gambino and Myers, 1967; Myers, 1970; 
Rose and Vitz, 1966). Braine’s general approach suggests greater com- 
plexity, since it assumes that people perceptually differentiate and gen- 
eralize the temporal order of occurrence of units that may themselves 

runs or even groups of runs. The context of a three-unit sequence, 

r example, can be defined by the arrangement of three different word" 
categories, 

But Braine makes no claim of any mechanism that would permit the 

crimination of contrasting word orders involving the same word cate- 
Bories, It is in this regard that rule-oriented theories of sequential learn- 
ing seem most powerful. Subjects’ ability to abstract certain kinds of 

formational rules in deterministic sequences has been demon- 
Strated by Restle and Brown (1970). Their theory suggests that a subject 
Benerates rules to predict component parts of a pattern and then 
‘combines these subpatterns systematically. However, a strict appli- 
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cation of their normative theory would prevent the assessment of a 
subject's ability to selectively attend to certain higher-order rules and 
to ignore lower-order rules that define run properties. This is because the 
rules that determine event runs in Restle and Brown's analysis are 
usually correlated with the rules that describe the overall pattern. If a 
sequence begins with two A events, for example, a transformational de- 
scription of the sequence would permit only runs of A that are multiples 
of two. 

It seems reasonable to expect that people can detect and abstract 
higher-order relationships between events in situations that discourage 
the preliminary mastery of lower-order rules. Subjects undoubtedly 
possess a hierarchy of strategies that reflect their attending to various 
properties of a sequence. Expectancies in the form of simple transforma- 
tional rules may result in dominant strategies, but clearly at some point 
a subject must revise his strategies if they are unsuccessful, revise them 
in light of the event schedule itself. 

The present study attempted to demonstrate that subjects do attend to 
and abstract complex contingencies between events in probabilistic, 
nondeterministic schedules. To do so, the rules involving contrasting 
temporal arrangements of two events in a probabilistic four-choice task 
were examined. The particular events involved in the rules, as well as 
the run properties of these events, were themselves irrelevant to subse- 
quent accuracy, but a subject had to attend to the temporal order of 
E, and E; events in order to anticipate correctly the onset of a third, 
different event (E, or E4). In each of two contrasting orders (E,E;E2 and 
E3E,E;), the intermediate events occurred with a run length of one, so 
that the task also required a subject to inhibit a strong repetition-re- 
sponse tendency caused by the fact that at other times the E; or Es 
events occurred with longer run lengths. The four-choice sequence (see 
Method, also Figure 1, below) therefore not only provided a critical test 
of run theory but also permitted assessment of our subjects’ ability to 
abstract higher-order contrasting relationships among the events them- 
selves within single sequences. 

Previous attempts to pit run cues against nonrun cues have met with 
limited success (Wolin, Weichel, Terebinski, and Hansferd, 1965; Hal- 
pern, Lantz, and Schwartz, 1969). The present study used (pre)training 
sequences in which the temporal order of two events was a reliable cue 
for prediction of a third event; interference with this cue by run cues 
was also minimized by correlating the run lengths with the events 
volved and by permitting the subjects to keep track of the order © 

events. It was hypothesized that these procedures would facilitate the 
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subjects' shift of attention to event arrangements when those arrange- 
ments became the sole basis for prediction in the test sequence. 


METHOD 


—Procedure— Three experimental groups received 192 training trials; a fourth 
received no training. All groups received 312 test trials. Both training and 
test situations were four-choice tasks in which each subject was instructed to 
predict which of four lights would occur on each trial. In a modified self- 
paced procedure, he was permitted up to 2 min after the onset of the signal 
light on each trial to register a prediction, although most responses were 
made within a few seconds. Other aspects of the trial cycle were controlled 
such that an event light of 2.1-sec duration occurred 1.4 sec after the sub- 
ject’s response. The experimenter manually controlled trial onset and pro- 
grammed the appropriate event light for each trial according to a predeter- 
mined sequence. 


—Apparatus—The subject's booth contained a box with a front panel set 
with four different colored lights, four corresponding response buttons, and a 
white center-mounted signal light. Control apparatus was located in an adja- 
cent room. Hunter timers controlled the onset and duration of the event lights 
within a trial. 


—Subjects—Sixty-four undergraduate female students from introductory psy- 
chology courses at Ohio State University served as subjects. 


—Training conditions—The subjects were randomly assigned in equal num- 
bers to one of four training conditions (Pr, Ps, R, and N), which differed 
according to characteristics of the training sequences and use of memory aids. 

The two experimental groups were groups P: and Ps. These subjects re- 
ceived patterned event sequences in which runs of lengths 1, 3, 5, and 7 were 
correlated with specific event lights so that whenever position Ei occurred, it 
was always correct for the same number of successive trials. Within the 192 
trials, each run length appeared an equal number of times, as did each pair 
of run-length sequences; runs of length 1, say, were followed by runs of 
lengths 3, 5, and 7 an equal number of times. In both groups the onsets of 
some event runs were predictable from the relative order of two preceding 
event runs. The P; condition differed from that of Ps in that the second event 
5 the three-run contingency always occurred with run length of 1, while in 
the Ps condition the intervening event had length run of 5; thus, subjects in 
pap P: and Ps were required to use either the preceding two or six events 
P pi up the contingencies. The contingencies for groups Pı and Ps are 
Shown in Table 1. In both conditions the joint occurrences of the specified 
ae runs uniquely determined the occurrence of a third event run. The 
a ah Mr Sequences were not followed by unique events but by a ran- 
: in y determined event. Both groups were permitted to keep track of the 
p.i nero sequence with paper and pencil; no suggestions of coding 
(E niques were given. Four different counterbalancing assignments of events 

1E4) to button and light positions were used for groups P1 and Ps, sub- 
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jects being assigned randomly in equal numbers to counterbalancing con- 
ditions. 


Table 1. Training-condition contingencies 
for groups P: and Ps 


Group Contingency 
Pi 3.1 > 5 
Sts T 
Wa $ E 
Ps LS c dg 
S uw T 
La i1 


Note: Each contingency (x, y > z) means 
that a run of length y preceded by a run of 
length x was always followed by a run of 


length z. 


The two control groups were groups N and R. The subjects in group R 
received run lengths of 1, 3, 5, and 7, but the run lengths were randomly 
assigned to the four event-light positions, with the restrictions that each 
event light have an equal number of runs of a given length. No contingen- 
cies were introduced between lights or run lengths, and no memory aids 
were permitted these subjects. The subjects in group N received no training. 


—Test sequence—All four groups received 312 trials on the same test se- 
quence, with no memory aids permitted. Run lengths specific to the test 
sequence were 1, 2, 3, 4; only events E» and E4 were assigned particular 
run lengths (2 and 4 respectively). Any of the four run lengths could occur 
at positions E; and Es. The structure of the test sequence is illustrated in 
Figure 1. 

The following contingent rules were used (see Figure 1). Light E1 with 
a randomly determined run length (k= 1, 2, 3, or 4) was always followed 
by Es with run length 1, and this joint occurrence was always followed by 
E» with a fixed run length of 2. Light Es with randomly determined run 
length (k) was always followed by E: with run length 1, and this joint oc- 
currence was always followed by Es with a fixed run length of 4. After a run 
of E» or E4, either an E1 or E3 run of random length k could start. p 

In the test sequence, the onset of E2 and E4 were completely predictable 
using the above rules; the continuation and termination of those events were 
completely predictable from spatial or run-length cues. The onset and termi- 
nation of E: and Es were sometimes predictable and sometimes not predict- 
able. Again, four different counterbalancing orders of event (E:-Es) assign- 
ments to button positions were used, with subjects randomly assigned in 
equal numbers to each counterbalancing condition. 


| 


COMPLEX RULE LEARNING 253 


Fig. 1. Structure of the test sequence; prefixes in ovals show run length, ar- 
rows indicate events following each event run and the associated probabilities 


RESULTS 


Training trials 


The main differences between groups R and P; and P; were, as ex- 
pected, that the subjects using memory aids and correlated run-rule con- 
tingencies were superior in predicting the appropriate event runs. Fig- 
ure 2 shows the asymptotic (last 50 trials) probability of an A; response 
at onsets and within the several runs for the P, and P5 groups. These sub- 
jects predicted both the continuation and termination of a specified 
tun fairly well. Predictions of onsets (k = 0) for these groups were not so 
accurate, but were generally more accurate than corresponding onset 
Predictions for subjects in group R. The latter group predicted onsets 
with well below chance accuracy (chance equals approximately 25). 


Test trials 


E Results from the test trials involve predictions of the onset, continua- 
tion, and offset of the predictable runs. For clarity, data are collapsed 
across similar conditions and event types in the major analyses. For ex- 
ample, data from the two pattern-trained groups, P, and Ps, were com- 

ined, since these groups did not differ in any important way on test 
trials, Similarly, responses to the predictable E; and E, events for all 
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k " 
Fig. 2. Asymptotic probability of an Ai response within a run of Ei events in 
training; group P: in left panel, group Ps in right ges. Performance on inter- 
5 


vening runs (4 — — — 4) of lengths 1 an or groups P: and Ps respec- 


tively is also shown. 


groups were pooled. Although subjects responded more accurately to 
all aspects of E, events, there were no interactions between this effect 
and any of the effects of primary interest. 

Figure 3 shows the probability of various possible responses at the 
onset of the predictable E, and E, runs. The probability of a correct 
response at these points was around chance (p = .25) during the first 
block of approximately 50 trials and climbed steadily during the remain- 
ing trial blocks. The planned contrast between groups P; and Ps and 
groups R and N was significant [F(1, 60) = 5.29, p < .025]; the pat- 
tern-trained groups predicted the onsets of E, and E, more accurately 
than did the other two groups. An examination of responding in the 
first trial block also reveals that group N was superior to the others, a 
finding which reflects initial negative transfer from the training se- 
quences. Negative transfer was most apparent in group R, which show 
a stronger tendency toward perseverative errors than did other a 

All subjects were highly accurate in predicting the continuation ora 
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RESPONSE PROBABILITY 


TRIAL BLOCKS 


Fig. 3. Probability of various responses at start of predictable run (Es and Es 
combined) ; all groups 


Tun, the probability of a correct response in general exceeding 80 
asymptotically. The subjects in group N revealed some initial difficulty 

tive to the other groups. An analysis of variance of correct responses 
showed that the interaction of groups and trials was significant [F(15, 
300) = 8.99, p < .001], as were the main effects of groups and of trials 
[F(3, 60) = 4.39, p < .01; and F(5, 300) = 23.0, p < .001, respectively]. 
Planned comparisons showed that groups P; and Ps were significantly 
better than groups R and N [F(1, 60) = 9.62, p < .01], in their accuracy 
E predicting run continuations. 

Because E, and E, events occurred only in runs of length 2 and 4 
Tespectively, the offset of either of these runs was also predictable. Fig- 
ure 4 shows the probability of predicting either of the appropriate 
events (E, or Es) at the offset of E; and E, runs, as well as the prob- 
abilities of the two types of error responses. Clearly, the main difficulty 
at run terminations is reflected in the tendencies to perseverate errone- 
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ously, which, predictably, were the greatest for group R. One very in- 
teresting aspect of these data is the fact that all groups learned very 
early that an E, event never followed an E. event and vice versa. 

On the other hand, the offset of runs E; and E; was only sometimes 
predictable, and then only from event-arrangement cues—such as that 
after a run of E, with length k a run of E; was always of length 1, while 
after a run of E; or E4, a run of E; could be of any length from 1 to 4. 
Figure 5 shows the probability of a perseverative response following a 
run of E, or E; with length 1 at predictable and at unpredictable points. 
It also shows that all groups learned to discriminate between predicta- 
ble and unpredictable points, although the probability of a persevera- 
tive response, as noted previously, remained fairly high at both. The 


—— Pattern Training 
*—— —-» Random Training 
*——-—* No Training 


RESPONSE PROBABILITY 


TRIAL BLOCKS 


Fig. 4. Probability of various responses at end of predictable run (E2 and Es 
combined) ; all groups 
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PERSEVERATION PROBABILITY 


TRIAL BLOCKS 


Fig. 5. Perseveration probability after E: or Es with a run length of 1 at 
points in the sequence where the run Int is predictable (always length 1) 
or unpredictable (length 1, 2, 3, or 4); all groups 


most important result of the analysis of variance here was the signifi- 
cant interaction of predictability and trials [F(5, 300) = 17.12, p < 
001], which is quite clear in Figure 5. All groups initially perseverated 
more when the E; or E; run was predictable at length 1, but with addi- 
tional training they learned to inhibit repetition responding at this point 
and respond more appropriately. 


DISCUSSION 


All groups learned to anticipate run onsets and to discriminate pre- 
dictable from unpredictable run terminations on the basis of rules that 
used contrasting temporal-event orders in the test sequence. These find- 
ings are difficult for run theories that assume that the probability of a 
Tepetition response at onset points is a function only of the overall 
likelihood that the preceding event run continues (Myers, 1970; Restle, 
1961, p. 235). Versions of sequential pattern learning that incorporate 
Tun-generalization and run-run contingencies (Butler, Myers, and Myers, 
1969; Rose and Vitz, 1966) suffer the same limitations in explaining 
these findings, as does a contextual-generalization model. 

None of those theories permit the subject to discriminate and ab- 
Stract contrasting temporal arrangements of three events within the same 
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sequence regardless of run properties. But the subjects in this study did 
inhibit repetition responding and respond to such a complex event- 
order contingency—behavior that is more consistent with a rule-ori- 
ented description of sequential prediction. Their ability to predict run 
onsets and terminations in the test sequence demonstrates more clearly 
than previous research with binary sequences (Jones and Erickson, 
1968; Strub and Erickson, 1968; Wolin et al., 1965) the importance of 
controlled examinations of the variables that affect a subject's ability to 
use contextual cues in a sequence (see Jones, 1971, for an expanded dis- 
cussion). 

One variable that clearly affects a subject's ability to use nonrun cues 
is training. The degree to which a subject could respond to the relative 
order of two events in the test sequence was a function of the type of 
prior training, a finding also consistent with a rule-learning analysis. The 
subjects in the two pattern-trained groups were significantly more effec- 
tive in the test sequence than the control groups at eliminating persever- 
ative errors and in learning to predict run onsets. The random-trained 
subjects were characterized by high perseverative responding, behavior 
more consistent with predictions of run theory. Interestingly, the su- 
periority of groups P, and P; relative to groups R and N remained great 
over a major part of the test sequence, despite the fact that the two pat- 
tern groups did not show immediate positive transfer relative to group 
N. The overall superiority of the two pattern-trained groups is attributa- 
ble to their effectiveness in overcoming perseverative tendencies. 

Significant differences in performance between the pattern-trained 
groups and groups R and N show that subjects may be trained so that 
they are less likely to attend only to runs of homogeneous events. The 
picture that emerges from the performance of group R suggests that ran- 
dom structures encourage subjects to attend only to the ongoing run or 
immediately preceding event and that shifting this basis of attention is 
quite difficult. 

The rules that the subjects discriminated in the present study dem- 
onstrate an ability to abstract from complex sequences the properties 
that define higher-order relationships between the events themselves. It 
is clear that most versions of run-theory cannot account for these sub- 
jects’ performance in the test sequence, and indeed, a simple con- 
textual-generalization approach is not sufficient. Rule-oriented descrip- 
tions such as that of Restle and Brown (1970) are most promising in this 

regard, although their approach needs to be expanded to account for 
attention processes that must come into play in sequences that contain 
both rule-determined and probabilistically determined events. 
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Notes 


"This research was carried out at the Human Performance Center and was 
supported in by National Institutes of Health Grant MN12113. Reprint 
— be sent to Mari R. Jones, Ohio State University, 404C West 

Avenue, Columbus, Ohio 43210. Received for publication June 22, 1971. 


References 


Braine, M. D. S. 1963. On learning the grammatical order of words. Psycho- 
Review 70:323-348. 
Butler, P. A., Myers, N. A., and Myers, J. L. 1969. Contingencies among 
event runs in binary predictions. Journal of Experimental Psychology 
9. 


79:424-429, 

Gambino, B., and Myers, J. L. 1967. The role of event runs in probability 
learning. Psychological Review 74:410-419. 

Halpern, J., Lantz, A. E., and Schwartz, J. A. 1969. Cue properties of the 
event run in choice discrimination learning. Journal of Experimental 
Psychology 80:237-242. 

Jones, M. R. 1971. From probability learning to sequential processing: A 
critical review. Psychological Bulletin 76; 153-185. 

Jones, M. R., and Erickson, J. R. 1968. Patterns of event runs in probability 
learning. Psychonomic Science 13:317-318. 

Myers, J. L. 1970. Sequential choice behavior. In The psychology of learning 
and motivation: Advances in research and theory, vol. 4, ed. G. H. Bower 
and J. T. Spence, pp. 109-170. New York: Academic Press. 

Restle, F. 1961. The psychology of judgment and choice. New York: Wiley. 

Restle, F. 1967. Grammatical analysis of the prediction of binary events. Jour- 
nal of Verbal Learning and Verbal Behavior 6:17-25. 

F., and Brown, E. 1970. The organization of serial learning. In The 
logy of learning and motivation: Advances in research and theory, 

Press. 


vol. 4, ed. G. H. Bower and J. T. Spence, pp. 249-331. New York: Aca- 

Rose, R. M., and Vitz, P. C. 1966. The role of runs in probability learning. 
Journal of Experimental Psychology 72:751-760. 

Strub, M. H., and Erickson, J. R. 1968. Second-order dependency in proba- 

3 ty learning. Journal of Experimental Psychology 78:261-268. 

Wolin, B. R., Weichel, R., Terebinski, S. J., and Hansferd, S. J. 1965. Per- 
ance on complexly patterned binary event sequences. Psychological 

Monographs 79(7, whole no. 600). 


260 BOOKS RECEIVED 


continued from page 248 


Whitlock, F. A. Death on the Road: A Study in Social Violence. New York: 
Barnes & Noble, 1971. Pp. xii, 212. $9.25. 

Winter, Arthur, ed. The Surgical Control of Behavior. Springfield, Tl.: 
Charles C Thomas, 1971. $8.00. 

Wisse, Ruth R. The Schlemiel as Modern Hero. Chicago: University of Chi- 
cago Press, 1971. Pp. xi, 134. $5.45. 

Younghusband, Eileen; Birchall, Dorothy; Davie, Ronald; Pringle, M. L. 
Kellmer, eds. Living with Handicap: The Report of a Working Party on 
Children with Special Needs. Brooklyn: Gordon and Breach, 1971. Pp. 
xvii, 372. $14.50. 

Zaetz, Jay L. Organization of Sheltered Workshop Programs for the Mentally 
Retarded Adult. Springfield, Ill.: Charles C Thomas, 1971. Pp. xi, 220. 
$12.75. 


American Journal of Psychology 
1972, Vol. 85, No. 2 


PROBABILITY PERFORMANCE: REINFORCEMENT 
PROCEDURE AND NUMBER OF ALTERNATIVES 


Morton W. Weir 
University of Illinois at Urbana-Champaign 


With the number of response alternatives (two or four) and the type of in- 
formative feedback (contingent or noncontingent) manipulated in a proba- 
bilistic task, there were fewer choices of the high-probability alternative in 
the four-alternative contingent condition than in the two-alternative one, but 
the reverse was true in the two noncontingent conditions. The amount of in- 
formation transmitted on each feedback trial may explain the results. 


In two experiments using young children as subjects, Weir and Gruen 
(1965) reported that the frequency of choice of the high-probability al- 
temative was lower in a three-alternative than in a two-alternative prob- 
abilistic task. This result is in direct opposition to those of a number of 
Previous studies that have reported an increased frequency of choice of 
the high-probability alternative as the number of alternatives in the task 
was increased (Cotton and Rechtschaffen, 1958; Gardner, 1957, 1958, 
1961). However, the Weir and Gruen result is in agreement with other 
a findings of the present author, as well as those of Detambel 

5). 

An examination of each of these experiments revealed that virtually 
all of them reporting more frequent choice of the high-probability al- 
ternative with increased numbers of alternatives made use of a noncon- 
tingent reinforcement procedure (more precisely, a noncontingent in- 
formative-feedback procedure), Thus, after each choice response, the 
subject was told which response was correct on that trial, regardless of 
which response he had made. That is, in the noncontingent procedure, 
the information the subject receives is independent of his response. 
Under a contingent informative feedback procedure, when the subject 
makes a correct response, he is told so; when he makes an incorrect 
Tesponse, he knows he was incorrect but is not told which response 
Would have been correct on that trial, With such a procedure, it has been 
found that increased numbers of alternatives result in a decreasing pro- 
Portion of choices of the high-probability alternative. 

Several studies have actually included the contingent and noncon- 
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tingent procedures in a single design in which the number of alterna- 
tives was also a variable. But the results have been inconsistent and 
inconclusive. Detambel (1955), using tasks with two, four, or eight al- 
ternatives, found that the contingent procedure produced a decreasing 
frequency of choice of the high-probability alternative as the number 
of alternatives increased. but found no effect of number of alternatives 
in the noncontingent case. Both of these results were predicted by the 
mathematical model that Detambel outlines in that paper. 

On the other hand, Neimark (1956), using two- and three-alternative 
tasks, reported no difference between contingent and noncontingent 
procedures, while Gardner (1957) reported that in both the contingent 
and the noncontingent cases, use of a three-alternative task resulted in 
more choices of the high-probability alternative than did use of a two- 
alternative task. In attempting to explain the discrepancy between his 
results and those of Detambel and Neimark, Gardner states that the 
other two investigators had run too few trials to obtain the effect, but he 
ignores in his explanation the fact that Detambel had obtained results 
opposite to his own when both used a contingent procedure. 

In addition, Gardner's findings are subject to question because the 
two-alternative data that he used to compare with data from the three- 
alternative contingent task had been obtained in an earlier noncon- 
tingent experiment. He explains this choice of comparison groups by 
saying that in the two-alternative task there should be no difference be- 
tween the contingent and noncontingent procedures. Although this is a 
reasonable assumption, it is not necessarily correct. In any event, com- 
paring the results of one group of subjects run in an earlier experiment 
with another group from a later one is in itself somewhat risky. 

The current status of the combined role of number of alternatives and 
contingent versus noncontingent informative-feedback procedures is 
therefore unclear, to say the least. This lack of clarity, combined with 
four experiments by the present author which show that increasing the 
number of alternatives in a contingent task produces a decrease in the 
frequency of choice of the high-probability alternative (a finding re- 
ported previously only by Detambel, 1955, and largely ignored by later 
researchers), prompted the present experiment. Since our previous data 
came almost entirely from children, and those of the other studies almost 
entirely from adults, it was decided to manipulate the number of re- 
sponse alternatives (two versus four) and type of reinforcement pro- 


cedure (contingent versus noncontingent) in a single design using only 
adult subjects. 
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METHOD 


—Subjects—The subjects were 94 students in the introductory psychology 
class at the University of Illinois. Each was selected on the basis of having a 
time period free when the experimenter did. There were 69 females and 25 
males in the sample, and assignment to experimental groups was random. 
Inspection of the data after the experiment revealed no consistent sex effects 
among the four experimental conditions, although the males on the whole 
tended to choose the high-probability alternative somewhat more frequently 
than did the females. 


—Apparatus and procedure— The apparatus consisted of a yellow pes 
18 in. high and 30 in. wide, in which was centered a horizontal row of four 
black buttons 2% in. in diameter and mounted 3 in. apart. Three inches above 
each button was a green jeweled light 1 in. in diameter, and centered above 
these four lights was a red jeweled signal light, 2 in. from the to, of the 
panel: The apparatus was constructed so that a yellow wooden shie! d could 

e placed over the outside two buttons and lights, converting it from a four- to 
a two-alternative apparatus. 

Subjects arrived individually and were assigned to one of the four experi- 
mental conditions. All were instructed that this was a task in which they were 
to predict which one of the two (or four) green lights would come on, and 
that they could make their prediction by pressing as button below the light 
which they expected would come on. They were informed that the red signal 
light would come on when it was time to make a choice. The subjects in the 
noncontingent condition were then told: *On each trial, you will know which 
button was correct by seeing which light actually went on." The subjects in 
the contingent condition were told: “ gem predict correctly, the light above 
the button you pressed will come on; if your prediction is incorrect, no light 
will come on." 

Half of the subjects in the contingent and noncontingent groups were given 
a two-alternative task; the other half had the four-alternative task. In the two- 
alternative task, one of the lights was programmed to occur on 64% of the 
trials, and the other on 36% of the trials. In the four-alternative task, the pro- 
portions were 64%, 12%, 12%, and 12%. In the contingent condition the 
subjects saw a green light illuminated only when they actually made the 
correct response for that trial. Thus, in the contingent condition, an incorrect 
response resulted in a blank trial in the sense that no information light oc- 
curred. The green information lights were programmed to occur (when ap- 
propriate) immediately after the choice response and to remain on for 2 sec. 
Termination of the green light was followed by a 4-sec intertrial interval, 
after Which the red signal light occurred and remained on until the next 
choice response was made. 

The reinforcement schedule was random within the above percentage re- 
strictions, and each subject received the same random schedule (that is, for 
all subjects, the 6495 information light was scheduled to occur on the same 
trials). To generate the reinforcement schedule for the three less frequently 
occurring lights in the four-alternative task, the 36% occurrence of the least 
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frequent light in the two-alternative task was split equally among these three 
alternatives. Approximately equal numbers of subjects in the two-alternative 
task had the high-probability alternative on the right and left; in the four- 
alternative task, the 64% alternative occurred in each of the four positions 
about equally among subjects. Fifty subjects served in the two-alternative 
condition, half in the contingent and half in the noncontingent groups. Forty- 
four subjects served in the four-alternative task, half in each of the contin- 
gency conditions. Each subject completed 200 trials. 


RESULTS AND DISCUSSION 


A 2 (two versus four alternatives) X 2 (contingent versus noncon- 
tingent) X 10 (blocks of 20 trials) analysis of variance was performed on 
the number of choices of the high-probability alternative. The analysis 
revealed a significant main effect associated with trials [F(9, 810) = 
15.03, p < .001] and a significant interaction between trials and num- 
ber of response alternatives [F(9, 810) = 6.61, p < .001]. In addition, 
there was also a significant interaction between contingency condition 
and number of response alternatives [F(1, 90) = 10.26, p < .001]. All 
three of these significant effects may be seen in Figure 1, which presents 
the frequency of choice of the high-probability alternative in blocks of 
20 trials for the four experimental groups. 

The interaction between blocks of trials and number of response al- 
ternatives was the result of a generally increasing trend in number of 
choices of the high-probability alternative in the four-alternative con- 
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Fig. 1. Mean number of choices of the high-probability alternative (HPA) 
per block of 20 trials for the four ma El gone iE 
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ditions, with little or no increase in the number of those choices as trials 
progressed in the two-alternative conditions. 

Of greater importance to the original purpose of this study, however, is 
the interaction between contingency conditions and number of response 
alternatives. In the noncontingent groups (broken lines, Figure 1), the 
frequency of choice of the high-probability alternative was considerably 
higher in the four- than in the two-alternative condition. This is the 
finding reported frequently by Gardner (1957, 1958, 1961) for the non- 
contingent case. In the contingent groups, however (solid lines, Figure 
1), the frequency of choice of the high-probability alternative was lower 
for the four- than for the two-alternative conditions, a finding in agree- 
ment with the prior findings of Detambel (1955) and Weir and Gruen 
(1965) for the contingent case. It should be noted that frequency of 
choice of the high-probability alternative was lower for the four-al- 
ternative contingent group than for the two-alternative contingent group 
only through approximately the first half of the task. In the first of the 
Weir and Gruen experiments, a similar finding occurred over the course 
of 192 trials for two- and three-alternative tasks. 

A Tukey (a) test was performed on the total number of choices of the 
high-probability alternative by the four main experimental groups, in 
order to examine in more detail the source of the interaction between 
contingency condition and number of response alternatives. This analysis 
revealed that the four-alternative noncontingent group was significantly 
higher in its choices of the high-probability alternative than any of the 
other groups, while the four-alternative contingent group was signifi- 
cantly below the two-alternative contingent group (all ps < 01). Thus, 
the effect of increasing the number of response alternatives in the con- 
tingent case was opposite to that in the noncontingent case. Choices of 
the high-probability alternative increased with increasing numbers of 
alternatives in the noncontingent case but decreased with increasing 
number of alternatives in the contingent situation. And, as Gardner 
(1957) had assumed, there was no effect of the contingency variable in 
the two-alternative task, at least as far as choices of the high-probability 
alternative were concerned. 

Although the pattern of these results is clear, the explanation for the 
finding that varying the number of response alternatives has an opposite 
effect in the contingent and noncontingent situations is not so clear. 
Taking the noncontingent case first, a higher frequency of choice of the 
high-probability alternative in the four-alternative as compared with the 
two-alternative task may have been due to the greater contrast in the 
Percentage payoff of the alternatives in the four-alternative task. In the 


266 WEIR | 
four-alternative case, there is a difference of 52% in the frequency of 
occurrence of the high-probability alternative (64% ) compared with any 
of the low-probability alternatives, each of which occurs 12% of the 
time. In the two-alternative task, this discrepancy is only 2896 (6496 
versus 3696). Other research (Weir, 1964, 1965) has shown that adults 
are sensitive to differences as small.as 10% in the payoff schedule, and 
if the informative feedback is noncontingent, they should be aware of 
this discrepancy in frequency of occurrence quite early in the task. 

In the contingent case, on the other hand, a considerable number of 
trials are included on which the subject receives no information as to 
which alternative is actually correct. In the two-alternative case, this 
should make relatively little difference (see Figure 1), since if the choice 
of one alternative is incorrect, the other will probably be assumed to 
have been correct. But when more than two alternatives are involved, 
the noninformative nature of an incorrect trial could be expected to play 
a significant role. With four alternatives from which to choose, a high 
proportion of the choices at the beginning of the task will be to one of 
the three low-probability alternatives. And, 88% of the time, such a 
choice will provide no information as to which alternative was correct 
on those trials. 

If subjects are sensitive to runs of events, and if these enter into their 
hypotheses about the ‘solution’ of a probabilistic task (Stevenson and 
Weir, 1963), then trials on which no event occurs should slow the process 
of testing such hypotheses. These noninformative trials are equivalent 
to the ‘blank’ trials (trials on which no alternative is scheduled to pay 
off) described by Neimark (1956), who found their effect to be one of 
depressing the slope of the learning curve. And since any contingent | 
procedure with more than two alternatives results in blank trials from 
the subjects point of view, then such a procedure should depress the 
number of choices of the high-probability alternative, as it obviously 
does (see groups four-alternative contingent versus four-alternative non- 
contingent, Figure 1). 

The explanation of the pattern of results in this study may therefore 
be summarized as follows. Ordinarily, choice of the high-probability al- 
ternative will increase whenever the contrast in percentage payoff be- 
tween it and the other alternatives increases. Thus, when performance 
Jin a two-alternative task with a 64:36% reinforcement distribution is 
it nds with that in a four-alternative task with a 64:12:12:12% dis- 
drin Menenius Spes show more frequent choice of the high-prob- 
rate cen i liia adding noninformative (blank) trials to the 

as was true for the contingent condition in this 
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study, masks this percentage contrast, particularly in the early trials. 
This masking effect of the blank trials affects performance in the four- 
alternative situation but not in the two-alternative, as subjects in the 
latter task can simply assume that the other alternative would have been 
correct on any blank trial, and thereby lose no information. 

Such an explanation would predict that choice of the high-probability 
alternative in the four-alternative contingent condition should be quite 
low to begin with, when compared with the other three groups, but 
should improve steadily as the subjects get information about the con- 
trast in percentage payoff. As this information accumulates, choice of 
the high-probability alternative in the four-alternative contingent con- 
dition should surpass that in the two-alternative conditions, as the con- 
trast in percentage payoff is greater in the four- than in the two-alterna- 
tive task. This prediction is confirmed by examination of Figure 1. It is 
also likely that the difference in level of choice of the high-probability 
alternative between the four-alternative contingent and noncontingent 
groups would have disappeared if the task had been continued over a 

ger series of trials. 

Another test of the proposed explanation would involve a comparison 
of the level of responding with the high-probability alternative in the 
four-alternative contingent and noncontingent conditions as a function 
of the number of prior informative-feedback trials (an informative-feed- 
back trial being defined as a trial on which a green information light 
occurs). That is, if the subjects in the four-alternative contingent condi- 
tion respond less with the high-probability alternative (see Figure 1) 
because they have less informative feedback than subjects in the four- 
alternative noncontingent group, then the performance of the two groups 
should be quite similar if the amount of informative feedback could 
somehow be equated. 

Now, in the four-alternative noncontingent condition, since informa- 
tive feedback occurs on each trial, the level of responding with the high- 
probability alternative at the point of a subject's nth feedback trial may 
be ascertained by examining the level of that responding on that sub- 
ject’ s nth trial'in the task. However, the nth feedback trial for a subject 
in the four-alternative contingent condition will ordinarily occur much 
later than the nth task trial. The question then is, Will the level of re- 
Sponding with the high-probability alternative by these two subjects be 
the same at the time of the nth feedback trial, regardless of the point 
in the task at which that trial occurs?! 

In order to answer that question, feedback trials 10, 20, 30, and so on, 
were located for each subject in the four-alternative contingent condi- 
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tion, and his levels of responding with the high-probability alternative 
at those points were determined by counting those responses during the 
ten trials surrounding those points. For example, if his feedback trial 20 
occurred at task trial 51, his number of responses with the high-proba- 
bility alternative on task trials 47 through 56 was recorded. The same 
procedure was used for each subject in the four-alternative noncontin- 
gent condition, with the exception that the location of the nth feedback 
trial was always at task trial n. 

The results of this procedure are shown in Figure 2. When the data 
are examined in this manner, there was very little difference in the level 
of responding with the high-probability alternative between subjects 
in the four-alternative contingent versus noncontingent conditions. The 
numbers in parentheses in Figure 2 indicate the number of subjects rep- 
resented at each point in the contingent group. (All 22 subjects in the 
noncontingent condition are represented at all points along that groups 
curve). The graph does not continue beyond feedback trial 90, as only 
two subjects in this contingent group had 100 or more instances of in- 
formative feedback in the 200 task trials. 

An analysis of variance was performed on a subset of the data shown 
in Figure 2. The number of choices of the high-probability alternative 
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by the 20 subjects in the four-alternative contingent condition who had 
at least 60 trials ending in informative feedback was included in the 
analysis, along with the performance of the 22 subjects in the four- 
alternative noncontingent group. This analysis indicated no difference 
as a function of contingency condition (F < 1) and no interaction be- 
tween contingency condition and feedback trial number [F(5, 200) = 
2.16, p > .05]. The main effect associated with trials was significant 
[F(5, 200) = 6.32, p < .01]. Thus, both Figure 2 and this analysis con- 
firm the hypothesis that the major factor underlying the difference be- 
tween the level of responding with high-probability alternative in the 
four-alternative contingent and noncontingent groups (shown graphi- 
cally in Figure 1) is that information on the relative payoff percentages 
accumulates slowly in the contingent group, presumably because of the 
high frequency of blank trials. Interestingly, Figure 2 indicates that 
adults in the four-alternative contingent group were apparently able to 
accumulate this information as accurately as those in the four-alternative 
noncontingent condition, even though frequent blank trials intervened 
between instances of informative feedback. 


Notes 


This investigation was supported by PHS Research Grant HD00874 from DE 
National Institute of Child Health and Human Development. I thank p 
Cohen Conger for her aid in data collection and analysis. Received for publi- 
cation June 14, 1971. i 

1. Iam indebted to my colleague, Dr. Victoria Seitz, for suggesting this 
method of examining the data. 
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THE EFFECT OF HYPNOTIC AGE REGRESSION 
ON SIZE CONSTANCY 


Herschel W. Leibowitz, Charles Graham, and Michael Parrish 
Pennsylvania State University 


Hypnotic age regression of college-age adults to ages nine and five produced 
a lowering of size constancy in a manner typical of children those ages. But 
the effect was not significantly different from that produced by nonh: notized 
controls instructed to imagine they were nine and five. The multiplicity of 
mechanisms that may account for size constancy is emphasized in interpretin| 
these data: though an individual cue such as linear perspective may be af- 
fected by age-regression techniques, the size-constancy effect, apparently sub- 
served by a eder of mechanisms, is not susceptible. 


It has recently been demonstrated that the magnitude of both the 
Ponzo and Poggendorff illusions is altered by hypnotically induced age 
regression. During regression to age nine, the responses of college-age 
observers to both illusions were equivalent to those made by nine-year- 
old children, With further regression to five years of age, the illusion 
magnitudes were altered even more, approaching but not reaching the 
normative values typical of five-year-olds (Parrish, Lundy, and Leibo- 
witz, 1968, 1969). 

It has also been suggested that both size constancy and the Ponzo 
illusion are mediated by a similar mechanism (Fisher, 1968). Specifi- 
cally, the individual learns through experience in the normal environ- 
ment that converging lines are associated with distance. In a normal 
Viewing situation, this process provides a cue to distance and permits 
the necessary compensation for the diminished retinal-image size of dis- 
tant objects, thereby producing size constancy. However, with the two- 
dimensional Ponzo figure, the converging lines falsely indicate distance 
and the correction is misapplied, producing an illusory effect. 

, The present experiment was concerned with whether the size-match- 
ing behavior of hypnotically age-regressed adults would, like their 
Ponzo-illusion behavior, be typical of matches made by younger chil- 
dren, Since both the Ponzo illusion (Leibowitz and Judisch, 1967) and 
Size constancy (Leibowitz, Pollard, and Dickson, 1967) increase with 
chronological age, a determination that both measures can be reversed 


"o 


272 LEIBOWITZ, GRAHAM, AND PARRISH 


by hypnotic age regression would be relevant to the assumption that 
the mechanisms underlying these two phenomena are similar. 

. Since size matches are sensitive to particular experimental conditions, 
a control group of children was tested under the same stimulus condi- 
tions as the college-age adults. Additionally, a nonhypnotized adult 
group was instructed to perform the task as they imagined children of 
the ages in question would, in order to determine whether the observed 
effects would also be obtained in the absence of hypnosis. 


METHOD 


—Subjects—The ten experimental observers (mean age, 19.0 years) and 
seven adult controls (mean age, 19.1 years) were students from elementary 
psychology classes who bd cm affirmatively to the statement "I would be 
willing to participate in a hypnosis experiment" and subsequently achieved 
the maximum objective score of 8 on the Barber Suggestibility Scale (Barber 
and Glass, 1962) during a preliminary screening procedure. The control group 
of children consisted of five five-year-olds and five nine-year-olds from the 
local community. All observers had normal vision with or without correction 
and were unaware of the purpose of the experiment. 


—Apparatus— The standard stimuli were wooden circles painted flat white; 
they were 3.0, 12.0, and 20.0 in. in diameter, were viewed at observation 
distances of 22, 88, or 146.7 ft, and subtended a constant visual angle of 
65 deg. The supports for the stimuli were constructed in proportion to the 
circle diameters, so that all aspects of the stimuli subtended the same visual 
angle at all observation distances (for details, see Leibowitz and Dato, 1966). 
The stimuli were shown, one at a time, to each observer, who was seated at 
one end of a 157-by-8-ft university corridor. The luminance in the corridor 
was 2ftc. Ninety deg to the observer's left, at a distance of 22 ft, was the 
4-by-8-ft panel, covered with black flock paper, that served as a background 
for the comparison stimuli. These latter were 36 circles cut from white card- 
board and ranging in diameter from .5 to 6.0 in. in .5-in. steps, and from 6 in. 
to 30 in. in l-in. steps. The comparison stimuli were fixed on the center of 
the background by means of velour tape. 


—Procedure—The observer's task was to indicate whether the comparison 
object was bigger or smaller than the test object. The order of presentation 
of the comparison series was chosen so that the initial responses would vary 
from larger to smaller several times (to ensure that the instructions were 
understood). The remainder of the series was presented in random order, 
with the matched sizes being determined by interpolation between the points 
where the observer's responses changed. 

The sequence of experimental conditions and the presentation order of the 
standard stimuli were randomly determined for each observer. The experi- 
mental group was tested weekly under one of four conditions: normal, hyp- 
notized without age regression, hypnotic regression to age nine, and hypnotic 
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regression to age five. The control group of adults (the ‘imagination,’ or 
‘simulation,’ controls) was tested under the same conditions, except that they 
were not hypnotized but were asked to perform the task as if they were 
nine- and five-year-olds. The control group of children was tested under the 
normal condition. 


RESULTS 


The mean matched-size values for all conditions of the experiment 
are summarized in Table 1. It will be noted, in line with previous ob- 
servations, that the matches of children and adults were similar at the 
shorter observation distances. However, at the longest observation dis- 
tance, the children showed less tendency toward size constancy than did 
the adults, with the discrepancy being greater for the younger children. 
As expected, the difference between children and adults in size con- 
stancy was manifest only at the longest observation distance, and it is 
here that the effect of any of the experimental manipulations should be 
apparent in the adult groups. 

The performance of the adults in the experimental group paralleled 
that of the children, Adults who were hypnotically age-regressed made 
progressively smaller matches than they did under the normal or hypno- 
tized-without-age-regression conditions. The imagination controls also 
produced size matches smaller than under normal conditions when asked 


Table 1. Mean matched size in inches as a function of distance 


Test-object distance in feet 
(and diameter in inches) 


22 88 146.7 
(3) (12) (20) 
Experimental group (N — 10 
tom M ) 2.68 11.70 19.80 
Hypnotized, no age regression 2.78 11.48 18.75 
Regressed to age nine 2.60 11.28 17.70 
Regressed to age five 2.73 10.93 15.50 
e controls A 
ge nine (N = 5) 2.74 11.55 16.3 
Age five (N = 5) 2.83 10.60 14.90 
Adult controls (N — 7 
Normal ! 2.69 12.62 21,17 
Simulate nine years 2.79 11.96 18.71 


Simulate five years 2.65 11.79 18.67 
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to simulate the behavior of children, but the decrease was essentially 
the same for both simulated age-levels. 

Significant differences (p « .05) were found between regression to age 
five and simulation of age five (t — 2.15), as well as between simulation 
of age five and the five-year-olds themselves (t — 2.43). On the other 
hand, comparison of the matches between the adults hypnotically re- 
gressed to age five and the five-year-olds was not significant. Similarly, 
there were no significant differences between groups shown by the t 
tests for the nine-year-old condition. 

However, since the adults in both the experimental and control groups 
departed from constancy with the manipulation of hypnotically re- 
gressed or imagined age and observation distance, the crucial com- 
parison is the difference between the normal and regressed-to-age-five 
conditions for the experimental group as opposed to the di e be- 
tween the normal and imagined-age-five conditions for the imagination 
controls. The critical test in this instance is evidence of a significant 
interaction between groups and regressed or imagined age-level. Anal- 
ysis of variance based on these change scores yielded neither significant 
group differences (p > 75) nor significant interaction effects (p > 75). 
Thus, although hypnotic age regression resulted in lower matches at 
the greatest observation distance in a direction typical of young chil- 
dren, this departure from constancy cannot be attributed to the effect 
of the hypnotic suggestion. 


DISCUSSION 


The basis for the present experiment was the theoretical assumption 
that the Ponzo illusion and size constancy are subserved by the same 
distance-correction mechanism. Evidence has recently been obtained 
(Leibowitz, Brislin, Perlmutter, and Hennessy, 1969), consistent with 
the results of the present experiment, that this hypothesis may not take 
full account of the differences inherent in the two situations. The size- 
constancy effect, which by definition can occur only in three-dimensional 
space, is a more complex, multidetermined phenomenon, of greater 
magnitude than the two-dimensional Ponzo illusion. This is apparent 
in the normal viewing situation, where a size correction of orders of 
magnitude is needed to achieve size constancy, whereas in viewing the 
Ponzo illusion, a correction of the order of approximately 10% to 15% 
is typically observed. 

Thus, a more parsimonious hypothesis is to assume that the cue of 
linear perspective, which is the basis for the Ponzo illusion, may P® 
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under certain circumstances, just one of the cues an individual uses in 
maintaining size constancy. The demonstration that the same hypnotic 

ure which had produced significant age-regression effects for the 
Ponzo illusion (Parrish et al., 1968, 1969) did not do so for size con- 
stancy is consistent with this view. It is evident that the additional de- 
terminants of the size-constancy effect were not susceptible to the pres- 
ent hypnotic techniques. However, it is equally apparent that the two 
sets of investigations considered together indicate that (for reasons yet 
to be explained) at least one of the determinants, linear perspective, 
under certain conditions,’ is subject to manipulation through hypnotic 


age-regression techniques. 


Notes 


"The research was supported by Grant MH08061 from the National Institute 
of Mental Health. The writing of this report was supported in part by Con- 
tract Nonr 4731(00) from the Office of Naval Research to the Unit for Ex- 
perimental Psychiatry, the Institute of the Pennsylvania P Address 
Ee to the first author, at the Department of Psychology, Penn- 
State University, University Park, Pennsylvania 16802. Dr. Graham 
is now at the Unit for Experimental Psychiatry, Institute of the Pennsylvania 
Hospital and University of Pennsylvania; Dr. Parrish is now also at the Uni- 
imd of Pennsylvania. Received for publication July 6, 1971. 
- For an alternative interpretation of the effect of age regression on the 
Ponzo and Poggendorff illusions (Parrish et al., 1968, 1969), see Ascher, 
Barber, and Spanos (1972). 
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VERBAL BEHAVIOR AS A FUNCTION 
OF AMOUNT OF SCHOOLING 


James W. Hall 
Northwestern University 


Of two groups of Colombian children differing by two years in amount of 
schooling but similar in age (mean — 10.4 years), the group with more school- 
ing was markedly superior in paired-associate learning and slightly superior in 
verbal-discrimination learning. The groups did not differ in rate of forgettin, 

of paired associates over one week. Only those with more apis evidence 

the use of associative and acoustic attributes in memory encoding. Word- 
association differences paralleled those typically found with age differences. 


The primary objective of the research reported in this paper was to 
examine the relationship between early formal school experiences and 
the development of certain learning and memory processes. This was 
accomplished by comparing the performance of groups of children simi- 
lar in age, but substantially different in amount of formal schooling, on 
tasks of recognition memory, paired-associate learning and retention, 
verbal-discrimination learning, and word associations. 

The recognition-memory task was designed to test an 'encoding shift 
hypothesis suggested by Underwood (1969) in a recent theoretical paper. 
In that article Underwood proposed that memory for verbal material be 
conceptualized as consisting of a number of attributes of the material 
that are recorded and stored in some fashion. Among the several at- 
tributes discussed were verbal associations and acoustic characteristics. 
It seems clear that mature human memory relies heavily on the verbal- 
associative attribute when meaningful verbal material is involved. Vari- 
ous studies (see Hall and Ware, 1968, for example) have demonstrated 
the importance of the associative attribute in the memory of children 
as well. In contrast, the acoustic attribute appears to be more important 
Where less meaningful verbal material is involved, particularly in the 
Case of short-term memory (Underwood, 1969). This reasoning led to a 
Specific hypothesis of developmental changes in encoding for memory, 
namely, that during early childhood a shift occurs, from relatively little 
use of the associative attribute and greater use of the acoustic attribute, 
and toward greater importance of the associative attribute in relation to 
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the acoustic one. A recent experiment by Bach and Underwood (1970) 
appeared to confirm this hypothesis, showing the predicted shift in 
seven- to eleven-year-olds. 

If verbal-associative factors do increase in importance during early 
childhood, along with a relative decline in the importance of sound 
patterns per se, formal educational experiences (particularly early school 
instruction in language and reading) might be important determinants 
of this shift, The recognition-memory task was designed as the most 
direct test of this encoding-shift hypothesis. It involved the presenta- 
tion of a series of words, followed by a recognition test. In the recog- 
nition list were words that were highly similar acoustically to certain 
of the to-be-remembered words, and words that were highly related 
associatively to these same words. The relative frequency with which 
these two classes of words were falsely recognized (judged ‘old’) in re- 
lation to control words was considered to be a reflection of the im- 
portance of the two attributes in the memory process. Procedures sim- 
ilar to this have been used by several investigators to examine encoding 
processes (Underwood and Freund, 1969; Bach and Underwood, 1970; 
Hall and Crown, 1970). 

The paired-associate task was used to examine possible differences 
between the two groups both in learning and in retention. It was antici- 
pated that faster paired-associate learning would be found for the chil- 
dren with more schooling than for those with less. On the other hand, the 
current ‘interference’ theory of forgetting led to quite a different pre- 
diction about retention. To the extent that the children had a richer 
learning history, they also would have more sources of proactive inter- 
ference. Thus, one might predict that if the two groups were brought to 
an equal level of learning, forgetting (due to proactive interference) 
would be greater for the children with more schooling. In an effort to 
equalize degree of initial learning, the two groups were given differ- 
ential numbers of trials based on the results of pilot research. The re- 
sult was an apparently highly similar level of learning for the two groups: 
One week later, subjects were given one test trial and one relearning 
trial on these same items to examine retention differences between 
groups. 

The verbal-discrimination task was used because it appeared likely 
that the basis for effective performance on this task is quite different 
from that for high performance on the other tasks used. If it is the fre- 
quency attribute rather than acoustic or associative ones that is vital in 
verbal-discrimination learning, formal education might not have any 
substantial effect on this performance. For that reason, the verbal-dis- 
crimination task was included in the investigation. 
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Data from a word-association test were collected for two reasons. 
First, comparisons between the two groups in terms of certain response 
characteristics are interesting in themselves. It was anticipated, for ex- 
ample, that the subjects with more schooling would give a greater num- 
ber of contrast responses. Greater response homogeneity also was ex- 
pected for this group, and greater variability anticipated for the group 
with less schooling. 

The second purpose of the word-association test was to provide data 
of use in the recognition task described earlier. In order that the asso- 
ciates employed there be equally strong for the two groups insofar as 
probability of occurrence in word-association testing was concerned, 
it was necessary to obtain word-association data before administering 
the recognition task. 


METHOD 


—Subjects—The subjects were drawn from a low socioeconomic area of Cali, 
Colombia. Information on approximately 80% of the families residing in this 
area had been obtained by the research staff of a nutrition project there. This 
information was used to identify some 350 children from 8 years and 5 months 
to 12 years of age. Next, through school and home visits, the educational status 
and background of these children were determined. Such data eventually 
were obtained for approximately 250 children. From this subject pool, pairs 
of children were matched such that the members of each pair were the same 
age (within two months) but one member had been in school at least two 
years longer than the other and was at least one grade higher. In this fashion 
two groups of 35 children each were formed, the one labeled the high-school- 
ing group and the other the low-schooling group. At the time these children 
were identified, all were enrolled in school, so that the differences in amount 
of schooling were a function of differences in the ages at which they began 
School. Unfortunately, it was not possible to determine the reasons for the 
wide variation in starting ages. The implications of this unanswered question 
will be considered later, 


—Tasks—With few exceptions, all the testing described below was done at 
1 research station near the homes of the children. Most of the testing was 
one by Colombians who were members of the nutrition project's testing staff. 
verbal materials were, of course, in Spanish, and were presented orally 
vee examiners, Extensive pretesting of materials and training of examiners 
‘one before administration of the tests, which took three sessions. In the 
iw Session, word-association data were collected. The second session was 
eral weeks later, and consisted of the verbal-discrimination task followed 
she pate learning. The third session, which was exactly one week 
foll e second, began with a test of retention of the paired-associate items, 
Owed by the recognition-memory task. 
e recognition-memory task, four lists of words were used. Lists la and 
each consisted of 12 common to-be-remembered words, and lists Ib and 
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2b each included 16 recognition-test items. The order of presentation was 
list 1a, followed, after a l-min filler task, by list 1b as recognition test. Then 
list 2a was presented, followed in 1 min by list 2b. The recognition tests each 
included four categories of four words each. One of these categories consisted 
of words associatively related to four of the to-be-remembered words, and a 
second category consisted of words acoustically similar to the same four 
words, For example, in the case of the to-be-remembered word nomne 
(MAN), the recognition test included the words mujer (woman) and xom- 
BRE (NAME). Also, on each recognition list were four ‘old’ words, that is, 
four of the actual to-be-remembered words. Finally, each recognition list 
contained four words that were unrelated to previously presented words. 
These unrelated words functioned as control items in that they provided a 
baseline of false-recognition frequency. 

In total, then, the recognition lists contained eight ‘old’ words, eight asso- 
ciates, eight acoustically similar words, and eight unrelated words. The par- 
ticular associates used were chosen on the basis of the word-association data. 
In each case, the associate selected was that word which had been given most 
frequently by both groups of children when its corresponding vo Dern 

word was presented as a stimulus item in the word-association test. 

In the paired-associate task, four pairs of words were presented for learn- 

ing. The stimulus items were common male names, and the response items 
were the four nouns NARIZ, LIBRO, ÁRBOL, and TAZA (NOSE, BOOK, TREE, and 
cur). After an initial familiarization trial, the anticipation method of presen- 
tations was used, with an anticipation interval of 5 sec. The subjects in the 
high-schooling group were given three anticipation trials; those in the low- 
schooling group were given six such trials. This was done in an attempt to 
equalize groups’ initial learning so that their retention differences could 
be examined. The particular numbers of trials used were based on pilot data 
gathered earlier for a portion of the subjects in each group. 
, Exactly one week after paired-associate learning, each subject was brought 
in for a retention test. One test trial was given, in which the subject was re- 
quired to furnish the correct response word for each of the stimulus items. 
Before the test trial the examiners took pains to remind each subject of the 
paired-associative task of the previous week. In general, this reminder ap- 
peared to be effective. 

The verbal-discrimination task consisted of 14 pairs of common three-sylla- 
ble nouns. The subjects were run to a criterion of two successive correct trials 
or a maximum of eight trials, using the anticipation method. The order of 
pairs within trials and of words within pairs was determined randomly with 
two blocks of four trials each, except to ensure that within pairs each word 
appeared equally often in each position. On a preliminary familiarization, oT 
study, trial, each pair was presented along with information as to which word 
was correct. On subsequent trials, each pair was presented without that in- 
formation; the subjects were asked to select the correct items and were then 
ovid TON back by the examiner. 

ae word-association test consisted of 50 Spanish words, most of them 

M a the English words for which Pilato and Jenkins (1966) ob- 

United Stat -association data from first- through fourth-grade children in the 
es. The general familiarity of the words, even to young unschool 
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children, was ensured through extensive ive testing. The instructions were 
Similar to those used by Palermo and Jenkins, except that somewhat greater 
stress was placed on speed of responding. 


RESULTS 


_ Primary interest was in comparisons of the high-schooling and low- 
"schooling groups’ performance on the five tasks described. Those tasks 
are discussed here in a somewhat different order than that above. It 
Should also be noted that among these comparisons there is consider- 
able variation in the numbers of subjects in each group. (Recall that the 
groups began with 35 children in each.) Three factors account for this. 
First, two subjects were lost from each group because subsequent 
Checks showed them to be outside the prescribed age-range. (It turns 
9ut that determining the ages of lower-class children in Cali is often 
extremely difficult.) Two additional subjects were lost from the low- 
Schooling group, and three from the high-schooling group, because their 
s moved away. Thus, each of the tasks described was admin- 

istered to 30 high-schooling and 31 low-schooling children. 


Verbal-discrimination learning 


Figure 1 depicts the performance of the two groups over the eight 
verbal-discrimination trials. In plotting these curves, subjects who met 
7 criterion of two consecutive correct trials were assigned scores of 
M (perfect scores) for all subsequent trials. That criterion was met by 
26 of the 30 subjects in the high-schooling group and by 22 of the 31 
Subjects in the low-schooling group. The difference between groups 
in number of trials to criterion did not approach significance [t(59) = 
1.09, P > 20], despite the somewhat higher mean performance of the 
-schooling group on each trial. Further analysis showed that the 
 Mperiority of the high-schooling group was marginally reliable on trial 
1 [#(59) = 2.07, p = .05] but that on later trials the differences did not 
Approach significance. The absence of reliable differences on trials 2-8 
May be due to a ceiling effect, in that a higher percentage of children 
the high-schooling group than in the low-schooling group performed 
Maximum on each trial, as may be seen in Figure 2. In summary, then, 
here is some evidence of more rapid verbal-discrimination learning by 
h high-schooling than by the low-schooling children, but whatever 
iority existed does not appear striking. 
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high-schooling group 


——lew-schooling group 


MEAN CORRECT RESPONSES 


TRIALS 


Fig. 1. Mean numbers of correct responses on each verbal-discrimination 
learning trial 


Paired-associate learning 


The difference between the groups in paired-associate learning i$ 
clear. As shown in the left portion of Figure 3, the high-schooling group 
showed markedly higher performance on its first, and oniy, three trials 
(N-2, N-1, N) than did the low-schooling group on its first three trials 
(N-5, N-4, N-3), with the difference in mean numbers of correct re- 
sponses significant on each of these trials [in each case, t > 2.20, 59 af). 
Not until its sixth trial did the low-schooling group reach the high- 
schooling group's level of performance on its third trial. At that point (on 
trial N, the last trial for each group), performance for the low-schooling 
group was very slightly, and nonsignificantly, higher than for the high- 
schooling group. These differences on the first three trials for each group 
were found in spite of the same possibility of a ceiling effect as existed 
for verbal-discrimination learning. In short, evidence for the substantial 
superiority of the high-schooling children in paired-associate learning 
appears convincing. 


Retention of paired associates 


Performance of the groups on the single retention trial given one 
week after learning is also shown in Figure 3, at the right. The mean 
drop in performance over the week was 1.80 words for the high-school- 
ing group and 1.68 words for the low-schooling group, a difference that 
did not approach significance. In fact, looking at Figure 3 as a whole, one 
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Fig. 2. Percentages of subjects with perfect scores on each verbal-discrimi- 
nation learning trial 


is struck more by the similarity than by the difference in the groups” 
rates of forgetting; that is, there was no suggestion of any difference 
whatsoever between the groups in retention once they were equated on 
original learning. 

Note that the paired-associate task a week earlier had been preceded 
in the same session by the verbal-discrimination task. The question 
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Fig. 3. Mean number of correct responses on each paired-associate learning 


trial and on the retention trial after one week 
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raised by this fact is whether substantial proactive interference by the 
verbal-discrimination items occurred—more importantly, whether that 
interference might have been greater for the high-schooling group. A 
check of that possibility yielded negative results on the latter point, for 
the two groups were nearly identical in terms of intrusions from the 
verbal-discrimination task. Thus, the data offer no support for the possi- 
bility that a basic retention superiority of the high-schooling group was 
obscured by greater proactive interference from the verbal-discrimina- 
tion task, 


Recognition-memory performance 


The mean numbers and percentages of words judged ‘old’ are shown 
for each group, and for each category of words in the recognition test, in 
Table 1. Our major interest was the frequency of ‘old’ judgments to 
associates and to acoustically similar words in relation to unrelated 
words. An inspection of Table 1 shows that such false recognition within 
the high-schooling group was more than three times as frequent for 
associates than for unrelated words, and more than twice as frequent 
for acoustically similar than for unrelated words. Both differences be- 


Table 1. Mean numbers and percentages of judgments of ‘old’ for each cate- 
gory of words by each group 


Acoustically 
‘Old’ similar Unrelated 
Group words Associates words words 
High schooling 
Mean 5.79 1.62 1.04 AT 
Percent 72 20 13 6 
Low schooling 
Mean 5.94 1.65 1.59 1.65 
Percent 74 91 20 p 


tween means were highly reliable [t(23) = 476 p < .01, and #(23 = 2.75, 
p < 05]. Clearly, then, both associative and acoustic factors appeared 
to play an active role in the encoding process for the high-schooling 
children. In contrast, for the low-schooling group false recognitions oC 
curred with nearly identical frequency to the three categories of words, 
Suggesting that neither associative nor acoustic factors played an im- 
portant role for those children, 


The frequency of correct recognitions of ‘old’ words suggests that the 


| 
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low-schooling group was fully as accurate as the high-schooling group, 
since the difference between the groups did not approach significance. 
This is misleading, however, in that false recognition of unrelated words 
was considerably higher by low-schooling than by high-schooling chil- 
dren [#(39) = 2.55, p < .05]. When difference scores are used (old’ 
words versus unrelated words), the superiority of the high-schooling 
group was marginally reliable [1(39) = 1.84, .10 > p > 45]. Two con- 
clusions are suggested by these results: first, that the high-schooling 
group was somewhat superior in general recognition accuracy; second, 
that the low-schooling group employed a more liberal criterion for judg- 
ments of ‘old.’ 

It should be noted that the analyses of recognition performance were 
on 24 subjects for the high-schooling group and 17 for the low-schooling 
group. These reductions were due to the failure of 20 children to ‘catch 
on’ to the procedure, The most common evidence of this failure was seen 
in a number of children who identified all words in the test list as ‘old.’ 
The fact that the subject loss was twice as great for the low-schooling 
Sroup raises questions of interpretation for the data reported above. For- 
tunately, it seems likely that this differential loss affected the degree 
rather than the nature of the difference between groups. That is, one 
Would imagine that the children who were dropped would be among 
the least advanced in terms of learning and memory abilities, so that the 
absence of more of these children from the low-schooling than from the 
high-schooling group would tend to reduce the actual differences in 
encoding characteristics and in overall recognition accuracy. 


Word-association data 


The two groups first were compared in terms of several quantitative 
response characteristics, The frequency with which subjects gave no re- 
Sponse was reliably greater for the low-schooling than for the high- 
schooling group [t(58) = 2.43, p < .05]. Reliable differences also were 
found in response homogeneity and variability. Response variability, or 
the mean number of different responses per stimulus word, was greater 
for the low-schooling group [t = 3.10, p < .02]. Conversely, occurrence 
of any of the three most common responses per stimulus word was 
Sreater for the high-schooling group, but that difference failed to reach 
Significance, 

A second set of findings concerned certain qualitative response char- 
acteristics that frequently are examined in analyses of word associations. 

he of these is the extent to which the responses were superordinates of 
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the stimulus items (say, the response FRUTA [FRUIT] to the stimulus 
PINA [PINEAPPLE]). Such responses occurred significantly more often 
among children in the high-schooling group [t(58) = 2.50, p < .05]. 
Next, the groups were compared in frequency of paradigmatic words. In 
the case of adjectives, the frequency of such responses was reliably 
greater for the high-schooling group than for the low-schooling group 
[t(58) = 2.13, p < .05]. For nouns and verbs, the differences in this re- 
spect were not reliable. A closely related comparison concerned the 
frequency of responses classified as syntagmatic (a syntagmatic response 
is one of a form class different from that of the stimulus word and one 
which reflects syntactic orders; say, the response MONTANA [MOUNTAIN] 
to the stimulus word auto [mcn]). Nor was there a significant differ- 
ence between the groups in the frequency of responses that were highly 
similar acoustically to the stimulus items (say, HOMBRE-NOMDBRE). 


DISCUSSION 


In general, the data described are in line with certain expectations 
derived from current psychological theory and some knowledge of the 
nature of early school experiences. This is particularly true in the case 
of associative encoding for memory. The emphasis during the early 
School years on conceptual and associative relationships among words 
was expected to result in an increased use of the verbal-associative at- 
tribute in encodirig. The results were consistent with this prediction, in 
that false recognitions occurred much more frequently for associates 
than for unrelated words. The interpretation preferred here is that the 
stage for such false recognitions was set at the time the first list was 
presented, That is, when the to-be-remembered words were presented, 
associates of these words occurred as implicit associative responses. It is 
assumed that such responses constitute one portion of the information 
that was encoded for memory during the learning of verbal associations 
by the high-schooling group. In contrast, there was no such evidence in 
the case of the low-schooling children: associates were falsely recog- 
nized no more frequently than were the control items. Taken together, 
these data are precisely in line with expectations about the effects of 
early schooling on such processes, 

The results on false recognitions of acoustically similar items were 
not precisely as predicted. In particular, clear-cut evidence of the im- 
portance of the acoustic attribute for the low-schooling children had 


been anticipated. Such evidence simply was not found. If neither asso- 


| 
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ciative nor acoustic factors played an important role in the encoding of 
these children, what factors were important? No answer is provided by 
these data, and we are left with an intriguing question to tackle in the 
future. 

For each of the three learning tasks employed, there was evidence of 
better performance by the high-schooling children. In the case of paired- 
associate learning, this superiority was impressive. This difference may 
have been due, at least in part, to a failure of the low-schooling subjects 
to use the verbal-associative and the acoustic attributes to encode the 
material for memory. In the case of verbal-discrimination learning, only 
a small and marginally reliable difference was found. The lack of a sub- 
stantial difference here does not seem surprising in view of the ap- 
parently different process underlying verbal-discrimination learning, 
namely, a heavy dependence on the frequency attribute. The superiority 
of recognition memory in the high-schooling group took the form of a 
lower frequency of false positives for that group, suggesting that their 
criterion for a judgment of ‘old’ may have been more stringent. 

The retention data suggest that the inferiority of the low-schooling 
children with the paired-associate task was confined entirely to the 
learning (encoding) stage. Once their level of learning was brought up 
to that of the high-schooling group, the low-schooling children retained 
at least as much, But if the high-schooling children did have a richer 
learning history, why wasn't there greater proactive interference, and 
thus greater forgetting, in their case? Again we can only speculate. One 
Possibility concerns the nature of the material used—highly familiar 
Douns paired with common boys' names. Perhaps the two groups simply 
did not differ in their stores of the particular type of information that 
would provide interference in this case. 

The word-association data provides further evidence that the two 
Broups differed substantially in verbal development. In general, the dif- 
ference found between the two groups was similar to those that have 

cen reported for older (nine- or ten-year-old) compared to younger 
(six- or seven-year-old) children (Cramer, 1969, pp. 141-151). Note that 
In such previous age comparisons the groups differed both in amount of 
Schooling and in other age-related differences. In the present case we 
See roughly the same sorts of differences in word associations with age 
held constant. 

In what Ways did the two groups differ other than in their formal edu- 
cational experiences? Unfortunately, that question cannot be answered 
in any complete sense, so that causal conclusions about the effects of 
Schooling would be on shaky grounds. However, several factors suggest 
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that the differences found were due in large measure to the schooling 
variable. One of these is that all of the subjects were drawn from a rela- 
tively homogeneous lower-class community. That is, there were no ob- 
vious socioeconomic differences between the two groups. Another fac- 
tor is that among those low-schooling children who had been in school 
for more than one year, the frequency with which they had been re- 
tained in first grade was lower than for the high-schooling group. A third 
factor is that it is quite common in Colombia for children to be held out 
of school, because there is no school nearby or because of family de- 
mands on even quite young children. In other words, there are plausible 
alternatives to the hypothesis that the low-schooling children began 
school later because of intellectual deficits. 

The present study was seen as an initial step in discovering causal re- 
lationship between specific early educational experiences, on the one 
hand, and specific process changes, on the other. The results were en- 
couraging enough to suggest going on to research (incorporating the 
necessary experimental controls) on the effects of various instructional 
inputs to three- through six-year-old children. This, in turn, must be 
preceded by the development of effective techniques to assess learning 
and memory processes in children of this age. Preliminary work in this 
direction is underway. 


Notes 


This project was supported by a grant from the Council for Intersocietal 
Studies, Northwestern University. I am grateful to the Director of the Coun- 
cil, Richard Schwartz, and to B. J. Chandler, Dean of the School of Educa- 
tion, all at Northwestern, for their support. I am especially indebted to Angela 
Rojas and Ruth Montague, whose assistance at various stages of the project 
was invaluable. Portions of this paper were presented at the 1970 meetings 
of AERA, Minneapolis, Minnesota. Received for publication May 7, 1971. 

1. Drs. Leonardo Sinisterra, Harrison McKay, and Arlene McKay, and 
their staff at the Ecological-Nutritional Field Station in Cali provided as- 


sistance and cooperation without which this project could not have been 
completed. 
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NOTES AND DISCUSSION 


CLARENCE HENRY GRAHAM: 1906-1971 


With the death of Clarence Henry Graham, professor of psychology at 
Columbia University, on July 25,1971, American and indeed international 
psychology lost an outstanding figure and graduate education a skilled and 
greatly loved teacher. 

Born on January 6, 1906, in Worcester, Massachusetts, Graham was a first- 
generation American, His mother and father, who met and were married in 
this country in 1903, were Protestants from county Donegal, Ireland. A great- 
aunt Maggie, herself childless, was the dominant figure in the household, and 
plans for young Clarence’s education and social life seem to have emanated 
from her rather than from his more permissive parents. There was a younger 
sister, who predeceased him, and two younger brothers. H , 

Viewed in the light of current population mobility, Graham's education 
appears somewhat limited, but it was unquestionably efficient. He entered 
the public school system in Worcester at the age of five (kindergarten), con- 
tinued at Cambridge Street School (1911-1919), went on to South High 
School (1919-1923), and entered Clark University in the fall of 1923. AII 
three degrees were from Clark (A.B., 1927; A.M., 1928; Ph.D., 1930). Thus, 
or a continuous span of 21 years he received his formal education in Wor- 
cester institutions, 

Asa first-year student at Clark, Graham was more than a little popular and 
Was elected president of his class. Those who remember him as an under- 
graduate recall his incessant banter and clowning on the baseball field and 
23 good-natured management of the soccer team. He was possessed of an 
irrepressible good humor, A fraternity brother writes of him: “His wit was 
original, dry, droll, and spontaneous. . . . Everyone who knew him loved him, 
and, as he grew in stature and maturity, respected him.” Graham perar by 
majoring in chemistry, changed to literature, and ended up in psychology 
yter coming under the influence of one of Clark’s great teachers, John Paul 
Nafe. In his final undergraduate year he was editor-in-chief of the college 
iterary magazine and was elected to the senior honorary society, Gryphon. 

arence Graham’s professional career centered around three institutions: 
lark, Brown, and Columbia. His preparation and some of his early teaching 
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were at Clark, where in graduate studies he was influenced most by Nafe 
and Hunter. He admired the former, a ‘regular fellow’ who always made his 
students seem important, more as a firm friend than a mentor, and the latter 
for his consistently objective and analytical outlook on psychological prob- 
lems. Graham was to remain close to both as long as they all lived. 

Largely as the result of rapid staff changes at Clark in the early 1930s, he 
returned from Philadelphia after two highly productive research years with 
Hartline and Granit at Pennsylvania (during the first of which he also taught 
at Temple) to join the Clark faculty as an assistant professor. He took over 
responsibility for ries psychology, Nafe having departed for the 
chairmanship at Washington University, Saint Louis. 

The Brown years were 1936 to 1945. Hunter had replaced Carmichael 
there when the latter moved to Rochester as dean of the faculty, and Hunter 
needed Graham. He was rapidly advanced to associate professor in 1937, and 
to pores in 1941. The call to Columbia, occasioned by the retirement of 
Robert S. Woodworth, came at the end of World War II and brought with it 
a flood of graduate students in the postwar buildup. Graham found himself 
responsible, at any one time over the next half-dozen years, for eight to ten 
[quis theses. The total number of doctoral candidates he ‘saw through’ in 

is nine years at Brown and his quarter of a century (plus one) at Columbia 
was close to 70. 

Graham's research interests were, in one sense, varied; in another, they 
were remarkedly restricted and intensive. Variation seems the theme if one 
considers the range of topics embraced: from visual contrast to 'emotionality 
in rats; from atmospheric ‘boil’ to nerve impulses in the optic nerve of Limulus; 
from the design and calibration of an animal runway to monocular movement 
parallax. At the same time, with only a few notable exceptions, his work was 
systematic and was concentrated on the visual process, mainly on color vision 
in his more mature years, but with increasing involvement in problems of 
space and movement perception. d 

The Clark and early Brown work had largely to do with temporal, intensi- 
tive, and spatial relations in achromatic vision, much of it revolving around 
the basic problem of intensity discrimination. The interests of the later Brown 
years were those dictated by wartime exigencies, especially those of the Ap- 
plied Psychology Panel of the National Defense Research Committee, 0” 
which Graham served with conspicuous devotion. He turned to visual prob- 
lems connected with gunfire control, more particularly those of binocular 
range finding and height finding. : 

Curiously enough, he also got involved with the very specific problem of 
persone} selection and classification arising from the Navy’s desire to exclude 

om training for submariners those whose emotional stability could be ques- 
tioned. The personal inventory he and Walter Shipley devised for this pur 
pose seems an oddity in context with his other scientific and technological 
interests. Perhaps, as he himself said of it, the inventory work may have owe 
its origin to his psychoanalysis in the late 1930s. However that may be, there 
are those who think that a visual psychophysiologist who works on an inti- 
mate human problem is not necessarily out of character—if his name is Clar- 
ence Graham. Those who knew him know also that he was a most sympathetic 
and understanding person, basically a humanitarian. 
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Lorrin Riggs, Graham's most distinguished student and for many years his 
colleague and research associate, tells of an incident during their work in the 
mid-1930s on the spectral-visibility curve of the white rat. To record the ani- 
mal's electroretinogram, or ERG, it was necessary to strap the rat down and 
keep its eye rigidly aligned. with the stimulus and the wick electrode that 
contacted the cornea. Throughout the experiment Graham would reopen the 
chamber and tug on the restraining tape to ensure immobility, but never with- 
out repeating over and over, “Poor Tnd animal, poor damned animal.” 
As Riggs says, “His compassion was easy to understand if you knew Clarence.” 

The move to Columbia in 1945 brought with it not so much a new set of 
research interests (for Graham was to remain a considerable systematist in 
visual science) as a distinct swerving of his trajectory toward a preoccupation 
with problems of color vision. To an incalculable degree this must have been 
influenced by Selig Hecht, whom he had long admired, and by one of Hecht's 
postdoctoral fellows, Yun Hsia. Graham and Hecht gave a seminar together 
in 1946-1947, an association precipitously terminated by Hecht's shoc ingly 
untimely death at the end of that year. Graham inherited much of the equip- 
ment of Hecht's laboratory and Hsia came over to work with him; the two 
constituted a team that was to perform effectively together for 21 years, until 
Hsia's death in 1968, 

Over this period, color was the central theme. Graham and Hsia first did 
4 series of studies on color-normals, finding the spectral-brightness maximum 
to be approximately where the ICI ‘standard observer’ put it, but finding ad- 
ditionally that by relieving the measurement problem of relative-luminosity 
coefficients and ascertaining absolute sensitivities there showed up mark 
depressions in the overall spectral-luminosity curve in the neighborhood of 
460 nm (blue) and 600 nm (red). The ICI curve also underestimates lumi- 
nosity in the short waves, they discovered. Then, turning to dichromia, they 
found that whereas protanopes had the familiar losses at the long-wave end 
of the Spectrum, deuteranopia was also characterized by a reduction of lumi- 
ane in the green, a point on which there had been little really trustwor- 

hy data, 

If a particular problem were to be singled out as representing Graham's 
research focus at the height of his career, it would have to be the intensive 
Study, with Hsia, of a remarkable case of uniocular color blindness discovered, 
almost by accident, in a psychology class at Barnard. Over the years 1958— 
1962, nearly a dozen papers were devoted to the details of this young woman's 
Vision. Never before had there been such a thorough work-up of such a case. 

nere came under careful measurement seven crucial functions: threshold 
Spectral luminosity, critical fusion frequency, binocular brightness equations, 
complete color-mixture curves, wavelength-discrimination data, color naming, 
and binocular chromatic matches. The rare opportunity of having a color- 
normal eye check on the characteristics of the color-blind one was taken full 
advantage of, and there resulted not only a set of highly precise measure- 
ments but real advances in color theory as well. 

Two other extraordinary opportunities to study deviant color phenomena 
Presented themselves in the middle and late 1960s. One concerned a col- 
league, Professor Stephan, who, by reason of a vascular accident, had a para- 
Chromasia covering the central 18 deg of one eye. By measurement of lu- 


294 NOTES AND DISCUSSION 


minosity functions and neutral-band locus, supplemented by binocular hue 
matches and color naming, it was established that the defect was not far 
from that given in the classical picture of congenital tritanopia. The study was 
especially valuable for its information on color naming in such a visual sys- 
tem under widely varying illuminations. The other case was that of a young 
woman previously judged by competent authority to be totally color-blind. 
Graham and Hsia were able to demonstrate some remaining, if rudimentary, 
foveal vision that yielded a little color sensitivity. Thus there was added to 
the already complicated catalog of color deficiencies yet another variant on 
the main theme. 

Graham’s career was not spent exclusively in the laboratory. He became 
well known in the psychological and physiological circles of Europe by reason 
of his effective year with the London Branch of the Office of Naval Research 
(1952-1953). He also made two extended visits to the Far East, giving a 
seven-week seminar at Kyoto in the spring of 1952 and, eight years later, 
traveling to twelve of the most active and prestigious Japanese institutions. 
At each he lectured, talked with laboratory workers, and assembled extensive 
notes that were subsequently the basis of two publications on psychology in 
Japan. He also returned to England for a year's stay, working in London at 
Professor Wright's Imperial College laboratory. This program was carried out 
under a Guggenheim fellowship. 

Honors came to Clarence Graham in some abundance, beginning with the 
Society of Experimental Psychologists’ award of the Warren Medal in 1941. 
Other such distinctions were the Tillyer Medal of the Optical Society of 
America (1963) and a Distinguished Scientific Contribution Award from 
the American Psychological Association in 1966. He was elected to the Na- 
tional Academy 'of Sciences, the American Philosophical Society, and the 
American Academy of Arts and Sciences. Brown University awarded him the 
honorary degree of Doctor of Science in 1958, on the occasion of the dedi- 
cation of the Walter S. Hunter Psychological Laboratory. His war work was 
recognized by the Presidential Certificate of Merit in 1948. 

Publications there were in goodly number. At the time he was awarded 
the Tillyer Medal, there was assembled a bibliography of 77 titles. Since then 
the output has gone up to 90, including one that eclipses all others: Vision 
and. Visual Perception (Wiley, 1965). This magnificent volume, complete! 
with the aid of five well-known colleagues (Brown, Bartlett, Hsia, Mueller, 
and Riggs) was many years in the making. The original agreement, in the 
postwar years, called for a single-author book, but it became apparent that 
any really complete and Systematic treatment of the burgeoning topic of 
vision would have to be a joint enterprise. Graham himself contributed 9 of 
the 20 chapters, collaborated on another, and edited the entire volume. It will 
long remain a tremendously successful monument to him. 


Frank A. Geldard, Princeton University 
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GOSTA EKMAN: 1920-1971 


While deeply engaged in productive research, Gósta Ekman was stricken 
with illness in 1969, and never recovered. He died on May 5, 1971, at 50 
years of age. 

Gösta Ekman was born on June 3, 1920, in Lund, where he pursued the 
greater part of his university studies. After studying medicine for a brief 
period and taking a baccalaureate in literature, he turned his attention to 
psychology. In 1947 he became doctor of philosophy with a thesis on relia- 
bility and constancy. He succeeded David Katz as professor of psychology 
and chairman of the Psychological Laboratories at the University of Stock- 
holm in 1952. He held these posts until 1967, when he was awarded a per- 
sonal research professorship in psychophysics and scaling methodology by the 
Swedish Council for Social Science Research, His research work was per- 
formed at the laboratories, where he also continued his work with gradu- 
ate students. 

For 15 years Gösta Ekman was head of the University of Stockholm Psy- 
chological Laboratories, which during this period became one of the leadin 
research institutes in Sweden and gained an international reputation. Thoug 
this entailed a great amount of work, he was able to perform research of an 
unusually high quality. His early work was concerned mainly with differential 
psychology and with testin g-theory problems. In addition to his doctoral thesis 
on reliability and constancy, his main work during this period includes a book 
on differential psychology (1952), a lucid presentation of problems of method 
in differential psychology. From the mid-1950s his research was concerned 
almost exclusively with modern psychophysics. He made new contributions 
to psychophysical scaling methods, but his most important contributions were 
perhaps his content model in multidimensional scaling and the experimental 
work leading up to what S. S. Stevens has called Ekman's law, "the subjective 
counterpart of Weber's law.” This law states that variability measured in psy- 
chological units is linearly related to psychological magnitude measured in 
the same units, 

I! spite of his great administrative responsibilities as chairman of the rap- 
idly expanding laboratories and as adviser to a great number of students, 
Costa Ekman always found time for research. This was characterized by origi- 
nality, versatility, and methodical skill, and typical of his presentation were 
analytical preciseness, lucidity, and elegance. These characteristics, combined 
with Breat personal generosity, attracted many students, not only Swedes, to 
his laboratory; many of them now occupy important positions in psychology. 

By his activities as research worker, teacher, and head of the laboratories 
and by his work in research councils and such, Gésta Ekman came to mean 
more for the development of psychology in Sweden than anyone else. Inter- 
nationally he stands among Las who have made lasting contributions to 
modern psychophysics and psychological measurement. 


David Magnusson, University of Stockholm 


ANNOUNCEMENT 


NSF Chautauqua-type Short Courses for College Teachers 


The American Association for the Advancement of Science has announced 
that the third annual program of NSF Chautauqua-type Short Courses will 
begin in October 1972. There will be places for 3,000 participants, with ten 
courses being offered at each of 12 Field Centers located throughout the country. 

Topics cover a wide range of fields in the natural and social sciences, mathe- 
matics, and engineering. Most of the courses are interdisciplinary in nature, in- 
cluding the applications of mathematics to college teaching. 

The courses consist of two days of intensive classwork at one of the centers, 
followed by approximately three months of independent research or study, and 
ending with another two-day session for discussion of the work performed and 
general synopsis. 

The announcement brochure of the 1972-1973 program can be obtained by 


writing to NSF C-T Courses, AAAS, 1515 Massachusetts Avenue, N.W., Wash- 
ington, D.C. 20005. 


CORRECTION 


The review of The Perception of People and Events in the December 1971 


issue of this journal (Vol. 84, No. 4, pp. 591-593) was by Phillip Shaver, of 
Columbia University, 


' 
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Julian Hochberg 
Columbia University 


Cognition and Affect 
ce by John H. Antrobus. Boston: Little, Brown and Co., 1970. Pp. x, 210. 
$6.95. 


Some of the oldest problems in psychology are addressed in this book: 
"mental processes revealed by reaction-time experiments," recall of affect- 
laden material from early childhood, daydreaming, visual imagery, and the 
relationship between attitudes and behavior. The rampant enthusiasm for 
Contemporary cognitive psychology, here said to be undergoing a renaissance 
(see the introduction by Ántrobus) and in several recent articles hailed as 
revolutionary, actually seems justified by some indications in this book. Of 
course, the relationships between affective and cognitive processes were never 
quite as neglected as we sometimes hear these days, when behaviorism is 
assaulted as if it were an oppressive ruler. But the powerful methods devel- 
oped during the reign of strict behaviorism have now been combined with 
theoretical constructs borrowed from the sciences of communication and arti- 
ficial intelligence to yield a robust cognitive psychology. Perhaps we can now 
begin extending it to include the notoriously uncom; uterlike emotions. 

Cognition and Affect, which resulted from a conference at the Center for 
Research on Cognition and Affect of the City University of New York, was 
designed to represent the diversity of contemporary cognitive psychology. 
By accomplishing this in roughly 200 pages, it necessarily fails to maintain 
any semblance of coherence. Still, the individual chapters are of high quality. 

Saul Sternberg reviews his excellent studies of retrieval and igh-speed 
scanning of information in memory. Some professionals will already be fa- 
miliar with his work, which has been described in several journal articles; but 
nonexperts will appreciate the clear account of Donders’s (1868) 'subtrac- 
tion method,’ hese on the notion that the temporal interval between stimulus 
and response can be regarded as the summed durations of several information- 
Processing stages. By altering some of Donders’s assumptions and devising 
ingenious new procedures, Sternberg has been able to draw a number of strik- 
ME conclusions about memory. And although he says nothing at all about 
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affect, the methods Sternberg has developed will also prove useful to re- 
searchers concerned with the relationships between affect and cognition. 

An example of such methodological utility is provided in Jerome Singer's 
chapter on daydreaming. Using techniques developed for studies of vigilance 
and attention, he and his colleagues have been able to reveal the remark- 
able pervasiveness of fantasy and to infer some of its lesser-known functions, 
Regarding pervasiveness, Singer concludes—perhaps incorrectly—that day- 
dreaming can occur in parallel with processing of information from the ex- 
ternal world. It seems more likely, considering both his evidence and recent 
research on central processing capacity, that daydreaming is compatible only 
with reception of highly predictable or redundant signals. Still, much of our 
everyday world is highly familiar, predictable, and redundant; Singer's ques- 
tionnaire and experimental studies leave little doubt that we often take ad- 
vantage of this fact to occcupy ourselves with the exploration of fantasy 
worlds. Regarding function, Singer claims that in addition to the occasional 
cathartic effects of daydreaming, the "adaptive function of the ongoing stream 
of thought, and of nocturnal dreams as well, involves . . . organization and 
attempted integration of the major unfinished business in our lives" (p. 152). 

Singer's results are themselves highly compatible with Ulric Neisser's well- 
known ‘constructionist’ approach to cognitive processes. In the present vol- 
ume Neisser elaborates the account of visual imagery given in his 1967 book, 
proposing that similar constructive processes generate both percepts and im- 
ages in the visual system. Several recent studies have demonstrated, in sup- 
port of this view, that attention to visual but not auditory stimuli interferes 
with visual imagery. Neisser also reviews research on individual differences 
in the experience and use of imagery, and he concludes that differences in 
reported vividness do not seem to have functional significance, whereas dif- 
ferences in spatial-reasoning (visualization) ability certainly do. Unfortu- 
nately, Neisser does not discuss how these important individual differences 
develop or whether they are related to other perceptual abilities, even though 
his theoretical approach would suggest common mechanisms and origins. 

Silvan Tomkins, whose earlier work contributed to the establishment of 
the Research Center for Cognition and Affect, here offers a condensed but 
still long and rather rambling account of his theory. His ideas seem virtually 
to erupt from his mind, with little regard for empirical evidence and few refer- 
ences to the work of other psychologists. (Whereas Sternberg cites 50 papers 
in about 40 pages, Tomkins cites only 7 in his 70 pages, which make up neatly 
one-third of the book.) There are many undocumented generalizations; for 
example, that “the information to be remembered must be transformed into 
à compressed, miniaturized equivalent form” (p. 70), which, Tomkins says, 
is accomplished by faster and faster covert repetition. “In addition to speed, 
the sounds must be clipped and abbreviated without destroying their essen- 
tial message" (p. 73). Yet, even if the lack of evidence is frustrating, it must 
be admitted that Tomkins is brilliantly provocative. In ranging over topics 
as diverse as memorization of telephone numbers, reactions to novel and fa- 
miliar stimuli, and therapeutic evocation of childhood memories and behavior 
patterns, Tomkins offers creative proposals that are eminently researchable. 
b in d final chapter, Milton Rosenberg attempts to distinguish between tw? 
nd MR C ICOnsBtency theory, Festinger’s and his own. The Le 

§ claims, explains more ‘teal world’ social behavior and is also mo" 
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humane, because it portrays human action as the result of beliefs, attitudes, 
and decisions, whereas Festinger's theory would make behavior (“inauthentic 
action,” according to Rosenberg) the determinant of attitudes and beliefs. As 
for the truth of the respective theories and their range of application, no firm 
conclusion is possible at present. Moreover, any complete evaluation of re- 
search in this area must now include a discussion of attribution theory and 
perhaps also of the impression-management theory outlined by Tedeschi, 
Schlenker, and Bonoma in a recent American Psychologist. As for the rela- 
tive humaneness of the various theories, it is interesting to note that many 
social psychologists thought dissonance theory humane because it referred to 
‘cognitions,’ and these seemed more characteristic of humans than did ‘stimuli 
and responses.’ Tedeschi et al. explicitly claim that their theory is more hu- 
mane than Festinger’s because it characterizes people as active strategizers 
rather than passive victims of experimentally manipulated dissonant cogni- 
tions, Yet their notion that subjects lie and deceive in order to save face and 
gain approval from an experimenter is far from most versions of the human- 
istic ideal. We must finally admit that hypotheses cannot be validated by ar- 
guments about humanism. i 

Much of the material in this book is available elsewhere, and the separate 
chapters do not gain a great deal from their joint presentation. Although the 
book resulted from a conference, it contains no record of the exciting discus- 
sions that must have taken place. It could nevertheless serve as a good intro- 
duction for both graduate and undergraduate students to some of the most 
challenging problems in contemporary psychology. This is surely a worthy 
Purpose, and it is fortunate that the s has been made available in paper- 
back as well as hardcover. 


Phillip Shaver, Columbia University 


Behavior and Conscious Experience: A Conceptual Analysis 
By Kendon Smith. Athens, Ohio: Ohio University Press, 1969. Pp. 140. $6.00. 


This book is not addressed, as its title suggests, simply to concepts in use 
and their meanings. The author is after what we really mean by the concepts 
of stimulus, response, learning, and conscious experience—after no less than 

the fundamental nature of the object or phenomenon to which [each of these 
terms] is customarily applied” (p. 3). The analyses proceed largely by way 
of found meanings, in biology, psychology, and everyday thought. But, as 
his aim dictates, the author tries to push beyond the literature in order to get 
better hold of the phenomena underlying the concepts that are of interest. 
He evidently finds his definitions of those concepts an improvement over what 
we had, or did not quite have, before. 

Learning theorists often refer in their discussions of the response concept 
to activities of the whole organism, molar behaviors, actions, doings, and the 
like, The author takes such references figuratively, as symbolic of a repressed 
criterion. What is meant though unsaid, he believes, is that a response is that 
kind of liberation of chemical energy by a living object that is produced by 
Conscious experience. No doubt Watson and others would resist this claim. 
Presumably Smith would counter with “the evident impossibility of under- 
standing [responses] on any basis other than the one [he has himself] sug- 
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gested” (p. 42). In the same contexts some of the theorists refer to muscle 
twitches, movements, and simple responses. These phenomena Smith brushes 
aside, saying that no psychologist as such would be interested in them unless 
they were sensitive to conscious experience. He finds "strong support" in N. E. 
Miller's definition of response: “any activity by or within the individual which 
can become functionally connected with àn antecedent event through learn- 
ing." Interpreting ‘antecedent event’ as necessarily a cue, Smith reasons that 
since a cue traditionally is something that evokes conscious experience, Miller 
is "almost explicitly concurring" with his own definition of response. That the 
behaviorist use of ‘response’ implies the notion of the subject’s awareness is an 
intriguing suggestion that would have some influence were it demonstrated. 
But it takes more to accomplish this than reading in symbolic criteria. It takes a 
detailed analysis of a variety of actual uses of the concept, in both observa- 
tional and explanatory contexts, to determine whether an experiential dimen- 
sion is essential to the concept’s function in the behavioristic framework. 
For a number of learning theorists, a stimulus is anything that produces a 
reponse. From this, using his definition of response, Smith readily jumps to 
a definition of a stimulus as anything that produces a conscious experience 
(which concept he modifies later but which remains basically the same). He 
finds support in Watson’s mention of energies that effect visual reactions or 
auditory stimulation, events customarily associated with sensation at the time 
that Watson was writing. Smith quickly concludes, “We realize at once that 
even Watson had not forsworn the notion of stimuli as instigators of conscious 
experience" (p. 48). Perhaps not, but is this a way to show it? And given 
the shaky grounds on which Smith's own definition of response was built, 
should he not do more to justify this second 'extraction' from the behaviorists? 
The contemporary concept of learning, says Smith, basically involves 
connection of a new response to a stimulus, the process depending on events 
which are themselves stimuli, In Smith's hands, the behaviorist definition of 
learning turns into "the attachment of a new response to a conscious experi- 
ence, by conscious experience" (p. 76). The author finds the justification 
he clearly needs for this new attribution in a certain resistance that psycholo- 
gists manifest, namely, an unwillingness to grant to systems presumed to lack 
consciousness the ability to learn. One-celled animals are among such sys- 
tems. He dismisses as source for this resistance the view that one-celled or- 
ganisms might be too simple to learn, since “it is quite possible that the struc- 
ture of a single cell provides all the elements necessary for such a proces 
(p. 77). That is possible—and it is also understandable that psychologists 
who thought of learning in terms of connections between cells would doubt 
evidence of learning in one-celled animals. When evidence for spinal con- 
ditioning first appeared, Smith Says, there were no immediate and widespread 
attempts to replicate those results, nor was there even any great interest in 
them. He explains this by saying that psychologists were unable to conceive 0 
à conscious spinal cord. He does not mention the possibility that spinal con- 
ditioning is consistent with the widely held concept of learning as the attach- 
ment of responses to stimuli, and for that reason would not be greeted with 
excitement. Whatever the final value of Smith's definition of learning, the case 


he presents for it, either as an abstraction from the literature or as an insightful 
contribution, is not in itself persuasive. 
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Conscious experience, according to Smith, refers to sensations, perceptions, 
images, thoughts, dreams, wishes, and emotions. It is a process, a flow of 
events that are (emphatically) physical, “changes in the very substance of 
the brain" (p. 12). Starting from the implicit everyday notion of consciousness, 
he arrives, by a series of approximations, at a definition of conscious experi- 
ence as "an internal event to which an arbitrary response can be attached 
directly, by a process of following that response, when it occurs to that event, 
with a prespecified set of circumstances" (p. 119). On what grounds is this 
definition to be taken seriously, as capturing the distinguishing characteristic 
of conscious experience? The grounds are direct intuition when there is at 
first some doubt as to whether the system under study is capable of conscious 
experience and vet the conditions specified in the definition are met. 

Smith illustrates his definition with a hypothetical instance: the repeated 
instrumental conditioning, with varying response, of a spinal preparation. If 
this were truly accomplished, "the investigator would have to concede sen- 
tience to the spinal cord . . . [because] only by assuming that the shock on the 
tail was in truth felt could the experimenter account for the existence of such 
a strikingly adaptive response to that shock” (p. 116). Now, there is no 
question that we frequently use ‘conscious experience” and other mentalistic 
concepts to account for behavior and changes in behavior. Taking note of this 
explanatory function, however, merely scratches the surface of what con- 
scious experience is. The definition says nothing about the event itself except 
to mention one way in which it might relate to behavior. And certainly it does 
nothing to render the rich concept on which we commonly rely. For example, 
at the heart of the everyday notion of conscious experience is its having a con- 
tent, however disparate from physical reality; that is to say, conscious experi- 
ence in various of its forms is about something beyond itself, is intentional. 

A sense of incompleteness may have motivated what the author does late 

is last chapter. He tries to make the picture he has drawn more meaning- 
ful and understandable by espousing a "motor theory of consciousness." The 
theory is not quite that, for conscious experience is said to occur with activa- 
tion of the sensory projection areas by whatever means. Perception is a form of 
behavior, a "tentative, covert, ‘identifying response’ " which elicits conscious 
experience by feedback to projection areas. Similarly for images and thoughts, 
Wishes and emotions: “All ‘conscious phenomena’ reduce to mosaics of sen- 
sation. . .." In view of his original goal of getting at the fundamental nature 
of the objects or phenomena referred to by the concepts of interest, and in 
view of this last hypothesis on the nature of consciousness, Smith might better 
have addressed his book to a detailed exposition and evaluation of this sen- 
Sationalist theory of consciousness. 


Thomas Natsoulas, University of California, Davis 


Mechanisms of Animal Discrimination Learning ; 
Dy N. S. Sutherland and N. J. Mackintosh. New York and London: Academic 
Press, 1971, Pp. xi, 559. $18.50. 


Thave mixed feelin gs about this book, which provides a useful introduction 
a large and difficult literature but is marred by what seems to me to be an 
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guine preoccupation in its pages with the merits of a rather unimpressive 
theory. 

The starting point of the theory is the old (noncontinuity ) assumption of 
Lashley and Krechevsky, long criticized by Spence, that discriminative learn- 
ing involves selection of stimuli as well as selection of responses. Responses are 
said to become ‘attached,’ not to sensory inputs, but to the ‘outputs’ of dimen- 
sional 'analyzers, whose function is hypothetical (in Krechevsky's sense) 
rather than perceptual “To say that an animal has not switched-in a 
brightness analyzer is not to say that brightness differences are not detected," 
Sutherland and Mackintosh write, but "only that they do not control choice 
behavior, and that information about their correlation with reinforcing events 
is not stored" (pp. 126-197). Performance on any trial is determined by the 
response attachments of the strongest analyzer and any others. of relatively 
high strength. (The assumption is made that more thàn one analyzer may 
be ‘switched-in’ at the same time.) Analyzer strength also determines the 
degree to which response attachments are strengthened by reward and weak- 
ened by punishment. (There is no provision for classical conditioning. ) 

An analyzer is strengthened "when its outputs consistently make correct 
predictions about . . . trial outcomes” (p. 39). The change in analyzer strength 
on any trial varies directly with amount of reward and also with the “strength 
of the expectancy confirmed” or “disconfirmed” (pp. 44, 257), although rein- 
ice the “weaker” of two response attachments in an experiment on proba- 
bility earning “is assumed to weaken the analyzer” (p. 428). When one 
analyzer is strengthened, the total strength of other analyzers is weakened 
correspondingly, but other analyzers in the same modality may be 
strengthened. When no analyzer makes consistently correct predictions, all 
analyzers revert to basal levels of strength that depend on genetic factors and 
on experimental conditions, being greater, for example, when stimuli vary 
within trials rather than between trials, and increasing with the “discrimina- 
bility” of the stimuli (p. 132). The authors also assume that analyzer strength 
may be “conditioned” to “outputs from other analyzers” (p. 163), or even to 
the “memory of reward or nonreward” (p. 268), and that it is susceptible to 
interference-produced forgetting. 

This, then, is the loose assortment of admittedly vague principles, proposed 
with varying degrees of conviction, from which Sutherland and Mackintosh 
attempt to derive the results of a wide range of experiments on blocking and 
overshadowing, acquired distinctiveness, transfer along a continuum, gen- 
eralization, reversal learning, dimensional shifting, partial reinforcement, an 
probability learning. The fit is not very satisfactory, and the critical reader, 
no matter how sympathetic, soon must begin to feel that a fresh approach is 
rgen. regretting all the more that the focus of the book is on the theory 
rather than on the experimental literature. The literature itself leaves much to 
be desired, and I have the impression that the theoretical bias of the authors 
has led them to overlook certain of its obvious shortcomings. At the outset of 
the book, for example, three experiments are described that are said to dem- 
onstrate "reference phenomena" (p. 45) “difficult, although not impossible, 
for S-R theory to explain" but "readily explained in terms of selective atten- 
tion" (p. 30): It is significant that the design of each has a serious flaw. 

à chapter on comparative psychology, the authors write convincingly of 
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the importance of the work (however unconvincing their interpretation of the 
results thus far obtained), but there is a methodological problem they do not 
see clearly. To control for the effects of sensory, motor, and motivational vari- 
ables which cannot be equated across species, I have developed the method 
of systematic variation. “An alternative approach," write Sutherland and 
Mackintosh, "is to utilize theoretical understanding of the situations investi- 
gated" (p. 432). Their idea is that if a certain difference in the discriminative 
performance of two animal groups can be attributed to a difference, say, in 
attention, and if the attentional interpretation leads to the prediction (experi- 
mentally verified) of a second difference in the discriminative performance 
of the same animal groups, then the possibility that both differences in per- 
formance are due, not to a difference in attention, but, say, to a difference in 
drive is ruled out. It should be evident that only variation in drive can tell us 
whether a difference in the performance of two species is invariant with drive. 


M. E. Bitterman, Laboratory of Sensory Sciences, University of Hawaii 


Stimulus Sampling Theory 


Edited by E. D. Neimark and W. K. Estes. San Francisco: Holden-Day, 1967. 
Pp. xvi, 681. 


This book of readings should serve as an excellent textbook for advanced 
undergraduates and. graduate students in a course on the development of 
mathematical learning theory. It is not all-inclusive in its coverage of that 
theory, but the authors make no attempt or claim to cover the entire field. The 
approach is largely that of the students and colleagues of Estes and Bush and 
Mosteller. The emphasis is on the psychological processes in human and 
animal learning rather than on the mathematical aspects of theorizing. The 
book is divided into five chapters covering the development of the general 
aspects of stimulus-sampling theory, associative learning, probability learn- 
ing, and discrimination and generalization viewed as single and multiple 
Processes. At the beginning of each chapter is a concise and very informative 
Section that provides background material and a summary of the develop- 
ments found in the readings. 

I think the book is important for a number of reasons, but here I wish to 
dwell only on one. Stimulus-sampling theory is, to a large extent, a quantita- 
tive formulation of the S-R associative tradition that has dominated theories 
of learning. Most of the readings reflect this underlying theme of associative 
connections between environmental events (stimuli) and behavior (re- 
»ponses). It is of more than passing interest that only four years after the pub- 
lication of this book (which covers approximately the prior 15-year period), 
many of the authors have now taken a cognitive stance and have interwoven 
Concepts of memory into learning theory. Many of the areas covered in the 

ook are not being investigated as much now. The reason for this is not that 
: ese areas are now well understood. Rather, as one progresses through the 
readings one readily appreciates the theoretical problems encountered there 

€cause in many instances they still exist today. "E 

Ithink this book may come to serve as a historical marker of a transition in 
Concepts of learning theory. The zeitgeist today is more cognitive—an em- 
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phasis on notions of storage, retrieval, and information processing rather than 
on S-R associative connections. In some of the readings, suggestions of these 
new notions can be detected. Whether we are simply replacing old terms 
with new ones or whether these terms shall come to represent important 
concepts and reflect underlying processes are questions that must be left to 
future historians, 


Donald Robbins, Emory University 


Le temps psychologique 
By J. C. Levy. Science Poche, 16. Paris: Dunod, 1969. Pp. 106. 


It took me a long time to read this very little book (less than 25,000 words). 
As a matter of fact, I read it three times over and still do not feel enlightened 
about P chological time. It therefore apparently does not serve the intended 
goal oi the Science Poche series, which is, according to the text on the back 
cover, to offer concise presentations in a “careful didactical way" to assist the 
overloaded scientist who nowadays needs a permanent education. 

The volume deals with the simultaneity and succession of events and with 
the way the human organism might deal with such events. It promises to offer 
a rigorous (mathematical) language to discuss the psychological problems in- 
herent in the area of time, This language is the framework of algebraic semi- 
groups and lattices that makes it possible to concatenate and (partly) order 
series of events. It seems quite plausible to use this formalism for the descrip- 
tion of temporal phenomena, including memory and forgetting, but this is 
hardly clear from the text, which offers only some vague and anecdotal 
arguments, 

The second part is devoted to a description of ( hypothetical) networks that 
can recognize patterns and which are said to peras certain psychological 
processes. Apart from a very loose connection with psychological time, this 
part is also suffering from unnecessary complexities and confusing arguments. 
Altogether, not a very illuminating or helpful text. 

J. A. Michon, Institute for Perception, RVO-TNO, 
Soesterberg, the Netherlands 


The Dyslexic Child 


By Macdonald Critchley. 3d ed. Springfield, IL: Charles C Thomas, 1970. 
Pp. xv, 138. $6.50. 


The Dyslexic Child deals with the reading disorder known as specific 
dyslexia. The author is very careful to differentiate specific dyslexia from other 
reading disorders. He bases his conclusions about specific dyslexia on his own 
clinical observations as well as on extensive reference to the literature. Al- 
though Uo does give precedence to his own observations, he also pro- 
vides a thoughtful criticism of the reading-disorder literature he surveys. 

Critchley defines specific dyslexia as a reading failure with a purely endog- 
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causally linked to specific dyslexia but only influence the time at which a 
dyslexic may be identified. For example, birth trauma may result in an in- 
ability to read, but this inability is symptomatic of a localized lesion,and in 
specific dyslexia no lesion is apparent. Similarly, eye-movement patterns ex- 
hibited by specific dyslexics are not the cause of t reading problem but 
are judged to result from the reading problem. 

The outlook in this book is said to be neurological. This ap] in The 
Dyslexic Child is somewhat disappointing in that it results in lyslexia being 
defined not in terms of what it is but rather in terms of what it is not. The 
book serves mainly to present the author's point of view, although alternative 
positions are usually adequately discussed and if not, are adequately refer- 
enced. The psychological factors contributing to reading failure are outside 
the scope of this work. However, it should be useful to Toks in- 
jasa in a contemporary neurological view of reading disability and of 
cognitive disorders in general. 


Dean G. Purcell, University of Arkansas 


The Waysiders 


By R. M. N. Crosby, with Robert A. Liston. New York: Delacorte Press, 
1968. Pp. xiv, 224. $6.00. 


The Waysiders contains an elementary discussion of reading that encom- 
passes both the acquisition of reading skills and the failure to acquire them. 
The book is written primarily for educators and parents, and to this end it is 
more than adequate. 

The authors define the process of reading within what is called a ‘neurologi- 
cal' context, The case studies—used to illustrate various factors that may 
contribute to reading failure—are chosen to complement this approach. Psy- 
chological antecedents of reading failure are not considered. 

The ee approach used is somewhat disappointing for the iei 
mental psychologist. It consists of little more than acknow ledgment of the 
obvious fact that the brain is employed in the job of reading. The hypothe- 
sized steps in reading are schematized after the fashion of information- 
Processing theory and would perhaps be better viewed in that context. How- 
ever, this book should be instructive to the lay reader in that pi ample 
evidence for the contention that reading is a complex task and that ty 
can occur for numerous reasons and in various stages of reading development. 


Dean G. Purcell, University of Arkansas 


Short-term Changes in Neural Activity and Behaviour 

Edited by G. Horn and R. A. Hinde. Cambridge: Cambridge University Press, 
1970. Pp. vii, 627, $28.50. 

,. This book, which is a series of review papers by acknowledged authorities, 
is the outcome of a conference on "short-term changes at all levels from the 
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behavioural to the molecular" (p. vii) that was held at King's College 
1970. Although habituation is emphasized, all types of decremental and im- 
cremental behavioral changes are considered in detail. There is so much ma 
terial in the book that even experts in the area will find much that is new 
helpful. The book will be particularly useful as a source of new material ai 
references for those interested in neurophysiology, physiological psychology 
or the neural correlates of animal behavior. 4 
Hinde sets the tone in the first chapter, in which he reviews habituation 
at the behavioral level. Several such reviews have recently appeared in the: 
Penge literature, but they have tended to focus on habituation 


ig 


veloped in the 1950s have been challenged by the recent work on a v 
of creatures (especially molluscs and ectwcpods) so have the traditio 
ideas of habituation been challenged by Hinde and others in this book. Th 
more recently acquired concepts in neurophysiology occurred as the natural 
consequence of an ever-expanding technology; the information on habitua- 
tion, on the other hand, has always been available, but it is only very recently 
that it has been recognized by most psychologists. Hinde (and others in the — 
book) "poene out major exceptions to each of the nine parametric character 
istics of habituation pu recognized by psychologists and suggests that 
these characteristics should be little more than a starting point for any me: 
ingful discussion of habituation (p. 4). 
n the t chapters, there is a wealth of material covering all forms: 
of of behavior, focusing on the neuronal or molecular level. 
is too much material for one to digest, even given the great amo 
of redundancy in the book. Several of the chapters are little more than 
statements of their authors' earlier papers (those by Weiskrantz, by But 
and Burešová, and by Griffith, for example). Many more are excellent re 
that tend to focus on the research of the authors and which are all 
supplemented with recent references. These chapters have an excellent o 
all level of quality, both in written style and in pointing out the goals and 
the relevance of the research (see those by Vinogradova, Rowell, by Kande 
et al., and Rose). 

The book includes chapters on habituation, learning and extinction, p 
tetanic potentiation and depression, heterosynaptic facilitation, and 
shifts, For all of these topics, there is good collation of behavioral, ne 
anatomical, and neurophysiological data from both vertebrates and inverte- 
brates. Several more theoretically oriented chapters are also included. In the 
epilogue, Horn concludes that little is presently understood of the mechanisms 
underlying any of these changes in behavior, with the possible exception 0 
habituation. Yet the reader is left with the impression that such understan 
will be forthcoming on many fronts. 

The book would be easier to follow if the authors had been required to us 
a standard terminology; but this drawback, along with the redundancy 0f 
most of the topics, is overcome by the overall refreshing approach and review 
of this frontier area of neuropsychology. 


Stephen C. Woods, Columbia Univ 
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Research and Report Writing in the Behavioral Sciences 
By Robert L. Noland. Springfield, Ill: Charles C Thomas, 1970. Pp. vii, 98. 


This unusual little volume should be useful to any undergraduate major 
in the behavioral sciences. Our reasons are several. Some universities do not 
educate freshmen in the resources of the library and in how books are 
entries in the card catalog. This book does. Guides for research in the 
are ample, as are references to scientific method, designs for research in gen- 
eral, survey studies, developmental studies, case studies, clinical studies, and 
sources of information about research and writing. The strength of 
this book is its very nice collection of references that s save students 
innumerable hours in their libraries. 


Olin W. Smith and Patricia C. Smith, Bowling Green State University 


Readings in Child Development and Personality 
Edited by Paul H. Mussen, John J. Conger, and Jerome Kagan. 2d ed. New 
York: Harper & Row, 1970. Pp. xii, 595. $5.95. 


The present edition is an updated and expanded version—only four selec- 
lions remain from the first edition, which contained 115 fewer eine a 
book of readings that was designed as a softcover companion vol to the 
latest (third) edition of the editors’ Child Development and Personality, one 
of the most widely used textbooks in child-psychology courses today. 

The revised collection “was designed to make readily available a set of 
essays and empirical papers, most of them written recently, representing cur- 
rent theory and knowledge in the field of child development” (p. ix). 

34 readings are apuntes. topically and also are aree designed 
to illustrate the child's successive stages of development: (I) "Bio! and 
Environmental Factors in Development in the First Two Years,” (II) “Earl 
Language and Cognitive Development,” (III) “Familial Influences on d 
vation and Personality Development,” (IV) “Extrafamilial Influences on 
Personality Development," (V) “The School as an Agent of Socialization," 
and (VI) "Adolescence." Brief introductions to the sections, with editors 
comments about the papers included in each, and separate author and sub- 
ject indexes greatly add to the book's usefulness. 

In addition to the editors, who either authored or coauthored five of the 
selections, contributors to the present edition include, among others, Bandura, 
Bellugi, Brown, Erikson, Gottesman, Gewirtz, the Harlows, Hetherington, 
Moss, Piaget, and White. While the assembling of any book of readings is 
always à matter of personal preference, several eminent psychologists work- 
ing in the developmental-personality area are conspicuous in the present col- 
ection only by their absence. Nevertheless, most of the selections included in 
the present edition are excellent; for this reason, the book can be recom- 
mended as supplementary reading for almost any course in human de- 


velopment—even for those which do not use its companion volume as a 
textbook, 


Jon D. Swartz, University of Texas at Austin 
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Personality 
By Richard S. Lazarus. 2d ed. Foundations of Modern Psychology 
Englewood Cliffs, N. J.: Prentice-Hall, 1971. Pp. 186. $5.75. 


This brief text is desi; for introductory courses in psychology and 
very effectively be her n other porri to replace the pp 
or to supplement those texts giving superficial treatment to the study of 
sonality (enis Although the attempt is to replace the breadth of the 
ditional text with depth, the volume is not greatly successful in doing 
Rather, it primarily expands the breadth of coverage. Within less than 
pages, Lazarus covers basic assum; of the field; psychoanalytic, neo 
analytic, Piagetian, Lewinian, and ig theory approaches; the probl 
of motivation; biological antecedents; social-influence pressures; assess 
and more. The coverage in each area is so brief that the inquiring student 
feel frustration at ee offered a heady brew without being allowed to drink. 
In keeping with tional introductory treatments, a great emphasis 
placed on definin qe Ed describing a representative experiment. 
good student thus a a t many bits of information but will ex- 
perience little excitement at int ial discovery. 

The volume is refreshing in its emphasis on experimental research and is 
written with both clarity and brevity of style. The chapter on biological 5 
is a welcome one ín a field too much dominated in recent years [5 the 
vironmentalist approach. My applause would be louder had thi 
expanded at the expense of the Piagetian theory and other less essential ma- 
terial. The absence of material on self-concepts and on situational shifts in 

al dispositions are unfortunate lacunae in the coverage. The volume 
loes touch on issues of broad social relevance. Such materials may compen- 


Kenneth J. Gergen, Swarthmore College 


A Cornell Reader 


By Raymond F. Howes. Ithaca, N. Y.: Cornell Alumni Association, 1971. Pp. 
xv, 201. $5.00. 


Although this little book as a whole will be of most direct interest to people 
who have been students or served on the staff at Cornell University, the sec- 
tion dealing with E. B. Titchener will interest all psychologists. Mr. Howes 
was the son of Titchener's sister, was born in Ithaca, and after graduating FM 


departments and the men teaching in them at Cornell are particularly 
and informative, but his reminiscences of the personality and the social be- 
havior of his famous uncle make very entertaining reading. ; 

Some of the material about Titchener will be known to readers of Boring 
History: his habit of wearing his Oxford Master's gown when giving the lec- 
tures in Psychology 1, for example. But the story about his refusal to be in- 
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troduced to an ex-student of G. Stanley Hall, a student who had reneged on 
à promise to complete his dissertation, is not widely known. Titchener said, 
“I will not speak to such a person.” There are several examples of his in- 
tellectual integrity, as well as of his rigid code of etiquette as an English 
gentleman. 

Since Mr. Howes is not a psychologist, he makes no attempt to discuss 
Titchener's contributions to the field nor to evaluate him as a scientist, but his 
stories give one considerable insight into some of the reasons for Titchener's 
high standards for scientific work as well as for his rigidity, 


Dorothea E. Johannsen, Tufts University 


Books received 


(The books listed here have not as yet been noted in our pages. 
Their listing does not preclude their later review, however.) 


Abse, D. Wilfred. Speech and Reason: Language Disorder in Mental Disease. 
Charlottesville: University Press of Virginia, 1971. Pp. xiii, 310, $12.00. 
Abt, Lawrence Edwin, and Riess, Bernard F., eds. Clinical Psychology in 
opem Organization. New York: Grune & Stratton, 1971. Pp. viii, 
. $12.50. 
Akhurst, B. A. Assessing Intellectual Ability. New York: Barnes & Noble, 
1971. Pp. ix, 180. $2.00. 
Ancel, Malva; Sex and Sanity. New York: Macmillan, 1971. Pp. viii, 310. 
$6.95. 
Bartholomew, D. J., and Morris, B. R., eds. Aspects of Manpower Planning. 
New York: American Elsevier, 1971. Pp. x, 130. $7.50. 
Blanton, Smiley. Diary of My Analysis with Sigmund Freud. New York: 
Hawthorn Books, 1971. Pp. 141. $7.95. 
Block, pek Lies through Time. Berkeley, Calif.: Bancroft Books, 1971. Pp. 
xxii, 313. $12.50. 
Brakel, Samuel J., and Rock, Ronald S., eds. The Mentally Disabled and the 
um ed. Chicago: University of Chicago Press, 1971. Pp. xix, 487. 
Buckhout, Robert, ed. Toward Social Change: A Handbook for Those Who 
5 Will. New York: Harper & Row, 1971. Pp. xiv, 480. 
uhler, Charlotte. The Way to Fulfillment: Psychological Techniques. New 
ü York: Hawthorn Books, 1971. Pp. xviii, 237. $8.95. 
"rroughs, G. E. R. Design and Analysis in Educational Research. Educa- 
tional Monographs, 8. Birmingham, Ala.: University of Birmingham 
6 School of Education, 1971. Pp. xii, 327. 
ancro, Robert, ed. The Schizophrenic: An Annual Review. New York: 
Brunner/ Mazel, 1971. Pp. xv, 791. $20.00. 
continued on page 188 


ANNOUNCEMENT 


Contemporary Views of Learning and Conditioning 


Under the chairmanship of F. J. McGuigan (Hollins College) and D. Barry 
Lumsden, a conference on Contemporary Views of Learning and Conditioning 
was held May 23-26, 1972, at North Carolina State University, Raleigh. 
Among the scheduled papers were 


William K. Estes, Rockefeller University 

“Memory and Conditioning” 

W. Horsley Gantt, Pavlovian Research Laboratory, V.A. Hospital, Perry 
Point, Maryland 

“Does Teleology Have a Place in Conditioning?” 

David Grant, University of Wisconsin 

“Reification and Reality in Conditioning Paradigms: Implications of Results 
When Modes of Reinforcement Are Changed” 

Gregory A. Kimble, University of Colorado 

“Scientific Psychology in Transition” 

F. J. McGuigan, Hollins College 

“Conditioning of Covert Behavior: Some Problems and Some Hopes” 

David Premack, University of California at Santa Barbara 

“Cognitive Principles?” 

Robert Rescorla, Yale University 

“On Conditioning” 

Eli Saltz, Wayne State University 

“There Never Has Been a Learning Theory” 

William N. Schoenfeld, Queens College 

“The Learner and the Learned" (with Brett Cole, John Lang, and Robert 
Mankoff) 

Martin E. P. Seligman, University of Pennsylvania 

"Cognition and Learning Theory? (with James Johnston ) 

Richard L. Solomon, University of Pennsylvania 

"Opponent-Processes of Motivation in Relation to Conditioning" 

Delos D. Wickens, Ohio State University 


"Classical Conditioning as a Tool for the Investigation of Processes in Various 
Psychological Areas” 


For further information write Box 5096, Raleigh, North Carolina 27607 
Sponsored by The Adult Learning Center, D. Barry Lumsden, Director 
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NON-VERBAL COMMUNICATION 
Edited by ROBERT A. HINDE 


A collection of edited papers, with linking commentaries and notes, from 
the work of a Royal Society Study Group set up under the direction of 
W. H. Thorpe to investigate non-verbal communication and its importance 
in psychology, zoology, ethology, sociology and anthropology. Plates, 
diagrams, tables. $17.50 


ETHOLOGICAL STUDIES OF CHILD BEHAVIOR 
Edited by N. BLURTON JONES 


Studies by research workers in zoology, psychology and psychiatry on 
social interactions between child and child and between mother and 
Child. The papers describe recent investigations and some still in pro- 
gress. Diagrams, tables. $1950 


ANNOUNCEMENT 


New Citation Index for Social Sciences 


A new index designed to improve access to information published in the social 
sciences and humanities journal literature has been announced by the Institute 
for Scientific Information (ISI) in April 1972. 

Beginning in 1973, ISI will offer a Social Sciences and Humanities Citation 
Index covering articles, book reviews, and correspondence appearing in approxi- 
mately 600 key journals in the fields of anthropology, community health, demog- 
raphy, economics, educational research, ethnic studies, geography, history, law, 
linguistics, management, marketing, political science, psychiatry, psychology, 
sociology, statistics, and urban planning/development. 

Plans for the new index were disclosed by Melvin Weinstock, ISI Senior 
Information Scientist, at the recent conference on Access to Knowledge and 
Information in the Social Sciences and Humanities, sponsored by Queens Col- 
lege of the City University of New York. Weinstock said that the social sciences 
index will be patterned after ISI's widely used Science Citation Index 8. He 
claimed that the new reference tool is the result of continuing requests from 
social scientists to apply citation indexing to the literature relevant to their work. 

Citation indexing is based on the fact that current articles referencing the same 
earlier publication have a subject relationship not only with the earlier work 
but also with each other. To utilize this relationship, a citation index lists 
together all articles published during a specified time period that reference the 
same earlier publication. In effect, the earlier work becomes an indexing term by 
which someone who is familiar with its content may look up new articles on the 
same subject. 

Weinstock said that “terminology in the social sciences and humanities is 
particularly imprecise and subject to rapid change. This makes it very difficult 
for traditional ‘subject-heading’ indexing systems to draw together related mate- 
rial. Citation indexing, however, lets the best qualified person — the author — 
index his own work through his reference citations." 

Quoting from a study by Maurice B. Line, Director of England's National 
Central Library, Weinstock told the conference that the "majority of social 
scientists questioned said they would find a citation index very useful in their 
literature searching." Weinstock also said that ISI has been conducting its own 
rescarch on the need for the new citation index and what characteristics it should 
have in terms of format, coverage, frequency of issuance, cost, etc. He said that 
the final configuration of the index will reflect the results of this research. 

Anyone wishing more information or wanting to make suggestions on any 
aspect of the Social Sciences and Humanities Citation Index should call or 
write Melvin Weinstock, Institute for Scientific Information, 325 Chestnut 
Street, Philadelphia, Pennsylvania 19106. 


Selected as an Outstanding Education Book 
by Education Book List 


Psycholinguistic Learning Disabilities: 
Diagnosis and Remediation 


BY SAMUEL A, Kirx AND WINIFRED D. Kirk 


Tus book will assist those using the Illinois Test of Psycholin- 
guistic Abilities as they interpret test results and organize remedial 
programs. 

The authors first discuss the broad area of learning disabilities 
and explain the development and meaning of the subtests of the 
ITPA. In a presentation of selected studies conducted with the 
ITPA, diagnostic-remedial teachers and psychologists will find 
research results of value in diagnosis and interpretation of sub- 
test scores and patterns of disabilities. A number of studies show 
which subtests of the TPA are correlated with reading disabilities 
and which are not. Other studies indicate particular deficits or 
assets which are found in different ethnic groups, the mentally 
retarded, the cerebral palsied, and other children. Three chapters 
deal with the diagnostic process, both in general and specifically 
with the analysis and interpretation of ITPA scores. The authors 
describe in detail sample patterns of disabilities and the procedures 
by which these patterns are developed. “Suggestions for Further 
Analysis and Diagnosis” alerts the diagnostician to broader aspects 
of behavior. The last two chapters offer general guidelines for 
remediation and specific diagnosis of disabilities. 


SAMUEL A. Kirk is professor of special education, University of 
Arizona, and professor emeritus, University of Illinois. WINIFRED 
D. Kmx is a psychoeducational diagnostic-remedial specialist. 


Cloth, $7.95; paper, $2.45 
University or Inurnors Press Urbana, Chicago, London 


INFORMATION THEORY AND ESTHETIC PERCEPTION 


by Abraham Moles, translated by Joel E. Cohen. Here is the 
first English translation of Moles's Théorie de l'information et 
perception esthétique, a modern pioneering work that greatly 
enlarges the role of information theory by applying it to per- 
ception, particularly esthetics and the psychology of perception 
“There is boldness and imagination in this book." — Science. 
“Prof. Moles merits high regard for his important contributions 
to our understanding of aesthetic experience by emphasizing 
the materiality of communication . . ."— Philosophy and 
Phenomenological Research. 1966. 217 pp. Cloth, $7.50; 
paper, $2.45. 


THE MEASUREMENT OF MEANING 


by Charles E. Osgood, George J. Suci, and Percy H. Tannen- 
baum. The authors deal with the nature and theory of mean- 
ing and present a new, objective method for its measurement 
called the semantic differential — a. general technique of mea- 
surement that can be adapted to a variety of problems and 
thus has far-reaching implications for empirical research. '"Draw- 
ing liberally from the researches of clinician and experimentalist 
alike, Osgood has formulated a problem area which may well 
provide the much needed basis upon which the integration of 
psychology can be effected." — T'he Canadian Journal of 
Psychology. 1967. 342 pp. Paper only, $3.45. 


OBJECTIVE PERSONALITY AND MOTIVATION TESTS 
A Theoretical Introduction and Practical Compendium 


by Raymond B. Cattell and Frank W. Warburton. Part I 
treats the theoretical basis and nature of objective personality 
tests, including historical data, an indexing system for tests 
and behavioral variables, psychometric theory, test taxonomy, 
and principles of test design. Part II contains 612 personality 
tests, each indexed and described to provide maximum in- 
formation on its design and usage. “. . . highly informative 
and provocative . . . a valuable source of material." — Amer- 
ican Journal of Psychiatry. 1967. 687 pp. $20.00. 


PROPOSED MODEL FOR VISUAL INFORMATION 
PROCESSING IN THE HUMAN BRAIN 


by Matthew Kabrisky. An attempt to decipher some of the 
operation and calculation techniques of the human brain. The 
book first describes the nervous system of the vertebrate animal 
analyzed as an information processing device with particular 
emphasis on the human visual system. It is then shown that 
known biological structures could be capable of performing 
such a calculation as a two-dimensional cross correlation. 
makes a valuable contribution.” — Quarterly Review of Biology. 
1966. 56 figures. 104 pp. $6.75. 


University of Illinois Press Urbana Chicago London 


“What forces us to believe that our only choice is between 
war or surrender? What is there about human thinking under 
stress that. pushes every group conflict toward mutual anni- 
hilation? ... Let us look into the dynamics of our own minds.” 


AN ALTERNATIVE 
TO WAR OR SURRENDER 


hy Charles E. Osgood 


Here is a brilliantly conceived, carefully blueprinted plan for 
an approach to international relations in the nuclear age that 
is as fresh now as it was when the book was first printed in 
1962 because it is psychologically sound. It offers a way out 
of the dangerous dilemma posed by the increasing tensions of 
the arms race that is leading to a permanently divided world, 
if not a fatal nuclear war. 


This plan, which the author has named Graduated Recipro- 
cation in Tension-reduction — GRIT — assumes that the prob- 
lems we face are primarily matters of human nature and 
human relations and that the Soviet people and their leaders 
are more like us than the “bogey man" our psycho-logic 
creates, 


It provides that the United States take the initiative in re- 
versing the arms race and in reducing world tensions through 
a carefully planned and executed “peace offensive" designed 
to invite reciprocation from the Communist bloc. It is a 
step-by-step approach with built-in safeguards aimed at main- 
taining our security. 


“Let us look into the dynamics of our own minds, because 
only through understanding ourselves can we ever hope to 
understand others.” IB-7. 183 pages. Paper, $1.45. 
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Urbana Chicago London 


NEVV 
PHOTO-ELECTRIC 
PURSUIT ROTOR 


The new Pursuit Rotor is manufactured in two models, the MK3 and 
the MK3/T which incorporate a digital ‘time on target’. The variable 
speed range is from 5 to 50 revolutions per minute and the sampling 
periods are standardised on 5 — 10 and 20 seconds for simplicity of 
operation. The MK3/T, as depicted, has the above features and 

also includes a 4 digit totalising counter to eliminate the use of an 
external ‘total time on target’ counter. 


SINGLE CHANNEL 
GROUP 


TACHISTOSCOPE 


The instrument is a general purpose slide projector with remote 

control facilities and interchangeable lenses. The projector has been 
modified by the addition of a high-speed galvanometer which 
Operates a shutter membrane to obscure the light path. The rise time 
of the shutter is 1.5 milli-seconds. This instrument can be used in word, 
picture and symbol recognition and subliminal research. 


Forth Instruments Ltd., 


Engine Road, Loanhead, Midlothian, 
Scotland. 


Telephone: Loanhead 104. 


Manufacturers of Single Channel Group Tachistoscopes, Pulse 
Generators, Memory Drums, Counter Timers, Voice Switches, Micro 
Electrode Pullers, Reaction Testers. 
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The American Journal of Psychology was founded in the interest of general 
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ESTIMATIONS OF EVENT FREQUENCY 
AND THE RE-PAIRING DECREMENT 


William P. Wallace 
University of Nevada, Reno 


A frequency-estimation task intervened. between acquisition of a verbal- 
discrimination list and a delayed test trial on the same or a re-paired 
list. There was a greater increase in errors on the re-paired list. The frequency 
judgments showed that re-pairing both increased the number of test pairs 
for which the wrong had a higher frequency than the right and luced 
4 greater absolute difference in frequency between the rights wrongs. 


A recent analysis of verbal discrimination led to the proposal of some 
minor modifications in the frequency theory of verbal-discrimination 
learning (Wallace, 1972). The present experiment was concerned with 
the validity of the assumptions involved in that proposal. 

Verbal-discrimination tasks generally involve the presentation of a 
Series of pairs of items, with one item in each pair designated as correct. 
Acquisition is said to be complete when subjects can identify the correct 
item for each pair. According to frequency theory, the subjects ac- 
complish this by judging the difference in frequency between the two 
members of each pair (Ekstrand, Wallace, and Underwood, 1966). It is 
assumed that frequency accrues more rapidly to correct alternatives 
«an to incorrect alternatives; hence during the course of learning, the 
tights’ become higher in frequency than the ‘wrongs.’ The theory 
asserts that subjects discriminate differences in frequency and gen- 
erally respond by selecting the pair member that has the higher fre- 
quency value, 

Kanak and Dean ( 1969) introduced a modification in the usual pro- 
cedure. At one point in acquisition they re-paired the correct and in- 
Correct alternatives, while leaving the respective correct and incorrect 
functions unchanged. They found that the re-pairing produced a 
marked impairment in performance and interpreted this as discrepant 
with frequency theory, since the re-pairing manipulation did not change 

© Correct and incorrect functions of items. Instead, Kanak and Dean 
“gued, their data were consistent with the position that associations 

tween Corresponding correct and incorrect alternatives play an im- 
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portant role in the acquisition of a verbal discrimination (see 1969). 

It has been argued elsewhere that the re-pairing decrement is not 
discrepant with frequency theory (Wallace, 1972; Wallace and Nappe, 
1971). However, these arguments are derived from the ‘adjusted’ ver- 
sion of frequency theory. The major concern of the present research 
was with the validity of the assumptions on which these arguments 
were based. It is to these assumptions that this discussion now tums 

The major assumptions critical to accommodating the re-pairing 
decrement within frequency theory are four, First, it is assumed that 
there is variability in frequency values within the class of correct 
alternatives and within the class of incorrect alternatives. That is, even 
though two (or more) correct alternatives may have the same number 
of exposures during learning, they may still differ in frequency value. 

The second assumption is that learning difficulty increases with the 
extent to which the correct alternatives of all the pairs in a given list 
do not exceed their incorrect alternatives in frequency value. Special 
cases such as transfer situations in which the wrongs are all higher than 
the rights in frequency value will not be considered here. 

Third, it is assumed that specific right and wrong items exposed to- 
gether will be ‘yoked’ in frequency value. For example, if some extra- 
neous event occurs at the time a given pair is presented, and this event 
serves to isolate the pair, then the frequency values for both members 
of this pair will have the isolation advantage. 

Finally, since it is still assumed that frequency builds up faster to 
rights than to wrongs, the rights will during the course of learning 
become higher than their respective wrongs in frequency value. How- 
ever, re-pairing may produce some new pairs that combine a relatively 
low-frequency right with a relatively high-frequency wrong—some 
pairs for which the wrongs exceed their respective rights in frequency 
value. Thus, it is less likely that for all pairs the correct alternatives 
will surpass their corresponding incorrect alternatives in frequency 
value after re-pairing, and re-pairing should result in verbal-discrim- 
ination performance inferior to that when the same pairs are main- 
tained. 

The approach to testing these assumptions may now be briefly 
described. Verbal-discrimination performance on a re-paired list was 
compared with performance when the original pairs were retain 
However, before this test, the subjects were given an absolute-fre- 
quency judgment task similar to the one employed by Underwoo 

Zimmerman, and Freund (1971). The major concern was to examine 
the relations between the frequency estimates and performance m 
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verbal discrimination, and to determine if judged frequency conformed 
to expectations from the four assumptions. The general plan of the 
experiment involved a verbal-discrimination acquisition phase, a fre- 
quency-estimation task, and a final verbal-discrimination test with the 
acquisition pairs or with items re-paired. 


METHOD 


The experiment involved three phases, and every subject participated 
in all three phases. The major variables were frequency of pair exposure 
(within subjects) in phase 1, frequency-estimation instructions (between 
subjects) before phase 2, and a re-pairing versus same-pair 
nation test (between subjects) in phase 3. 


—Phase 1—The first phase of the experiment involved one study trial and 
one test trial on a 33-pair list of common two-syllable English words. The 
lists were presented on a tape recorder at approximately 5 sec per pair. 
During the study trial, a female voice on the tape recorder read both mem- 
bers of a pair and then repeated the correct word: for exam] ‘obtain, 
reduce, obtain is correct.” During the test trial, designation the correct 
word was omitted. 

Two lists were constructed by randomly pairing 130 two-syllable words. 
In addition, each pair appeared in one list with one member correct and 
in another list with the other member correct. Thus, four separate 
were prepared so that two word lists were used and that each 
of a pair served as the correct member in one list and as the incorrect 
member in another list. 


Pairs were read eight times each. The fifth class contained one pair th 
was the same on all four tapes; it was read four bon Arii ci 


d lure was used to determine whether the correct alternative was read 
Second within a pair. 


"Phase 2— The second phase of the experiment followed immediately 
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after phase 1. The subjects were given a ten-page booklet that had an in- 
struction sheet followed by nine pages, each of the latter with 9 different 
words arranged in a single column. Each booklet included the 64 words 
that appeared one, three, five, and eight times during the phase 1 study 
trial. In addition, there were 16 two-syllable common English words that 
had not appeared in phase 1. Finally, the first word presented in each 
booklet was the correct item from the pair presented four times during 
phase 1 (the anchor word). With the exception of the anchor word, the 
remaining words were arranged randomly, with two random orders for 
each of the two lists. 

The subject's task during this phase was to assign to each word a number 
representing his estimate of the frequency with which that word had 
occurred during phase 1. A magnitude-estimation procedure was employed. 
The subjects worked at their own pace, and the duration of phase 2 was 
approximately 10 min. 

"There was one variation in instruction introduced at this point. Half 
of the subjects received instructions stressing that they were to base their 
estimates on the actual (A) presentations of words during phase 1. The 
other subjects were further told: "In addition, you may have spent unequal 
amounts of time going over or thinking about individual words as they 
were presented. Your task in this part of the experiment is to estimate the 
relative frequencies of occurrence, based upon actual presentations and 
time spent thinking about or rehearsing each word during the first part of 
the experiment." This instructional variation was included to explore esti- 
mations of subjective (S) frequencies. In both cases the instructions went on 
to explain the magnitude-estimation procedure. 

The anchor word was included to provide a common baseline for the 
estimations to the other 80 words used in phase 2. The same operation that 
was necessary to transform a given subject's estimate on the anchor word to 
10 was applied to his estimates for his other 80 words (see Stevens an 
Tulving, 1957). Thus, every frequency-estimation protocol began with the 
anchor word and a score of 10. 


—Phase 3—The third phase of the experiment involved a verbal-discrimi- 
nation test trial with the list learned in phase 1. For half of the subjects, the 
test involved the same pairs (groups A-SP and S-SP for the two phase 2 
instruction conditions) that were used in phase 1; for the remaining subjects, 
the test involved cross pairs (groups A-CP and S-CP), or re-paired rights 
and wrongs. 

The nature of the cross pairs can be shown by tracing the re-pairing 
of the eight pairs that were presented eight times each during the phase | 
study trial. Two of these pairs had their correct alternatives (‘rights’) 
re-paired with the incorrect alternatives (‘wrongs’) from pairs expose! one 
time each during the phase 1 study trial, two more had their rights Te 
paired with wrongs from pairs exposed three times each, two more ha 
their rights re-paired with wrongs from pairs exposed five times each, an 
the last two had their rights re-paired with wrongs from two other pairs 
exposed eight times each. Pairs that were presented one, three, and five 
times each were similarly re-paired. 
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A specific example will illustrate the semirandom procedure used to 
construct the new, cross pairs. Two pairs each presented eight times during 
phase 1 (attempt-upon and equal-extend) were selected at random to be 
re-paired with the words from two pairs each exposed once during phase 1 
(marry-remain and flower-glory). Assume that in each of the above pairs 
the first word is the correct alternative. The new pairs with eight exposures 
of the correct alternative and one exposure of the incorrect alternative were 
attempt-remain and equal-glory. The new pairs with one exposure of the 
correct alternative and eight exposures of the incorrect alternative were 
marry-extend and flower-upon. The re-pairings were determined in such a 
way that if the right word from pair A was paired with the wrong word 
from pair B, then the wrong word from pair A was not paired with the 
right word from pair B. Of course, new pairs with equal exposure fre- 
quencies provided an exception to this rule, since the re-paired items with 
eight exposures of .both rights and wrongs were metal-degree and reveal- 
shoulder, whereas the original pairs were reveal-degree an metal-shoulder. 

During the phase 3 test, the 32 pairs (the anchor pair was not included) 
were presented in a single column on a sheet of paper. The order of the 
p was random. The pairs were covered by a template. Upon a signal 
rom the experimenter, the subjects slid the template down to expose the 
first pair and circled the member of the pair they thought was correct. 
The subjects were instructed to keep up with the experimenters pace, 
to expose only one pair at a time, to make a selection for each pair, and 
not to change earlier responses. The subjects responded at about 3-sec 
intervals, as signaled by the experimenter. 


—Subjects—The subjects were run in groups of from three to eight, with 
each combination of phase 2 instructions and phase 3 test pairings repre- 
sented once for every four subjects. There were six subjects in each of the 
16 groups that resulted from the combination of the four phase 1 tapes, the 
two phase 2 instructions, and the two phase 3 test pu j 

The original plan of the experiment called for eight subjects in each of 
these groups (for a total of 128 rather than 96 subjects), but some subjects 
were lost due to experimental error and apparent misunderstanding of the 
phase 2 instructions. Specifically, the phase 2 booklets for three subjects 
had pages missing, and one subject skipped a page during phase 2. These 
subjects were discarded because they contributed incomplete data sheets. 
Ten other subjects were discarded because their frequency rating indicated 
an apparent failure to understand the task requirements. The most fre- 
quent ‘failure to understand’ was reflected by the use of only two values 
for the 81 frequency estimates. The instructions had included, as an ex- 
ample of assigning numbers to words, the request that “if you judge the 
Word X to be twice as high in frequency value as the word Y, then the 
number you assign to X should be twice as large as the number you assign 
to Y (eg, X = 2 Y = 1,...),” and several subjects used only 1’s and 2's 
in responding; indeed, one subject assigned either an X or Y to each of the 
l words. The largest number of subjects discarded from any of the 16 
§toups was two. In the groups that lost less than two subjects, protocols were 

carded at random to equalize group size at six. 
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RESULTS 


Phase 1 
A2x2x2x2*x 4 analysis of variance was used to compare the g 
errors on the first test trial. Two of the variables in this analysis—phase 
2 instructions and phase 3 test were dummy variables, since 
the manipulations were not introduced until after the test trial. The 
other variables were the two word lists and the two item functions: 
(correct and incorrect) that differentiated the four tapes, plus the 
within-subject variable of pair frequency (one, three, five, or eight 
presentations). 

The analysis resulted in three significant effects. As expected, e ors. 
decreased as the number of presentations increased [F(3, 240) = 
29.30, p < .01]. In addition, there was a significant main effect fo 
materials, as fewer errors were made with one of the word lists. 


PRESENTATION FREQUENCY 


Fig. 1. Mean errors on the phase 1 test trial as a function of presen 
frequency, phase 2 instructions (A emphasizing actual, S emphasizing 
jective frequency), and phase 3 test pairings (SP for same-pair, 
cross-pair conditions) 


[F(1, 80) = 7.23, p < .01]. Finally, there was an unexplained secon® 
order interaction among frequency and the two dummy variables | 
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phase 2 instructions and the type of test pairing in phase 3 [F (3, 240) 
= 396, p < 01].' The nature of this interaction can be seen in Figure 1. 


Phase 2 


One fact evident in the frequency-rating booklets was the considerable 
variability among the judgments of each subject to words with identi- 
cal exposure frequencies. This raised two types of questions. The first 
was how the estimates were influenced by instructions given before 
phase 2, by presentation frequency in phase 1, and by right and wrong 
function in phase 1. The second type of question concerned the re- 
lation between phase 3 performance and the estimated frequencies 
of the words that made up the phase 3 test pairs. This latter question 
will be considered in the next section. 

Three preliminary analyses on the frequency estimates preceded 
the major analysis. The four major groups (phase 2 instructions X 
phase 3 test pairings) did not differ on the raw scores that subjects 
assigned to the anchor word. All subsequent analyses were based upon 
the transformed estimates, so that if a given subject assigned a value of 
5 to the anchor word, each of his remaining estimates was multiplied 
by 2, the factor necessary to transform the anchor word's value to 10. 
An F®= test on these transformed scores was not significant, indicating 
that the assumption of homogeneity of variance was not violated. 
Finally, the four major groups did not differ on the values assigned to 
the 16 filler words that were not presented during phase 1. The instruc- 
tions emphasizing subjective estimates (the S groups) resulted in 
higher scores, but this effect did not reach acceptable levels of statis- 
tical significance [F(1, 92) = 3.34]. t 

The effects of four variables were investigated in the major analysis 
of the transformed frequency judgments. Two of these variables were 
manipulated between subjects: phase 2 instructions and the dummy 
variable of phase 3 test pairings. The remaining two variables were 
manipulated within subjects: phase 1 exposure frequency (one, three, 
five, or eight presentations) and phase 1 function (right or wrong). 

_ As was true with the filler words, the instructions emphasizing sub- 
jective estimates led to higher scores, but again this effect was not 
Significant [F(1,92) — 2.59]. The estimated frequency values i 

as a function of phase 1 presentation frequency [F (3,276) = 81.63, 
P < .01], and the frequency estimates were higher for rights than they 
Were for wrongs [F(1, 92) = 8348, p < 01]. The only other signifi- 
cant effect was for the interaction between phase 1 frequency and 
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phase 1 function [F(3, 276) = 848, p < 01). The nature of this im 
teraction is depicted in Figure 2, which shows that the difference 


2. Mean frequency judgments for correct (R) and incorrect (W) ak 
iac atives presented one, thros, ve, or ight times during phase 1 


and Freund, 1970). 
An attempt was made to evaluate the ‘yoking’ assumption " 
tioned in the introduction to this report. It was reas! 
and wrong items exposed together would be more similar in 
values than right and wrong items that had not been paired tog 
during the study trial (even though the latter pairs were presented 
same number of times as the former pairs). For computational o 
venience, the present analysis included only the 48 subjects in "a 
conditions with the same pairs (groups SP). Two scores were Ae raq 
for each subject. The first was the sum of the absolute values of x 
ences in estimated frequency value for the 32 study-trial pairs. 


pairs in either phase 1 or phase 3. 

If the yoking assumption is viable, then the absolute differences in 
estimated frequency values — Boa statistical pairs should be 
lower for the 32 study-trial pairs for the 32 reconstructed pairs. 
The average absolute value of the difference in estimated frequency 
per pair was 6.2 for the study-trial pairs and 6.8 for the reconstructed 
pairs. Although this difference is relatively small in magnitude, a f 
test for correlated samples indicated it was significant [(47) = 365, 
p< 01]. 


Phase 3 


Because of the unexplained interaction in phase 1 of variables that 
were not manipulated until phases 2 and 3, the major analyses on 
phase 3 error scores were based on loss scores—on the increase in 
errors from phase 1 to phase 3, derived by subtracting each subject's 
total phase 1 errors from his total phase 3 errors. A 2 X 2 X 2 X 2 
analysis of variance compared phase 2 instructions, the same-pair or 
cross-pair conditions (SP and CP groups) in phase 3, and the word 
lists and item functions determining the four tapes 

Subjects in the same-pair conditions showed a mean increase of 1.46 
errors from the first verbal-discrimination test in phase 1 to 
second test in phase 3. The mean increase in errors for subjects in 
re-pairing conditions was 2.65. The difference between these same- 
and cross-pair conditions was significant [F(1.80) = 6% p< 5). 


- 


comparison 
3 errors did not result in a reliable difference. The total errors in phase 
Land phase 3 are shown in Figure 3. The differences between the 
same- and cross-pair conditions in the slopes of the lines connecting 
Phase 1 and phase 3 errors reveal the greater increase in errors for 


Since number of actual presentations of phase 3 test pairs was am- 
biguous for the cross-pair groups, two additional analyses were pet 
formed to assess the effects of exposure frequency on the phase 


Fig. 3. Mean errors in phase 1 (test trial 1) and phase 3 (test trial 2) asa 
tructions (A emphasizing actual, S emphasizing sub- 


frequency) and phase 3 test pairings (SP for same-pair, CP for 


verbal-discrimination test. The first involved only the same-pair con- 
ditions (the SP groups). A 2 X 4 analysis of variance (phase 2 in- 
structions and presentation frequency) indicated a significant main 
effect for number of presentations during the phase 1 study trial [F 
(3,138) = 1646, p < 01]. No other effect was significant. 

The second analysis comparing phase 3 errors involved only the 
cross-pair conditions (the CP groups). Three classifications of pairs, 
based on number of presentations during phase 1, were created for 
this analysis: pairs with rights presented more often than their corre 
sponding wrongs (R>W), pairs with wrongs presented more often 
than their corresponding rights (W>R), and pairs with equal pre- 
sentations of rights and wrongs (R=W). The phase 3 error scores 
were transformed to number of errors per opportunity, since there 
were 12 RW pairs, 12 W>R pairs, and 8 R=W pairs. A 2 X 3 
analysis of variance (phase 2 instructions and R/W classification) Was 
used to compare the proportion of errors on the phase 3 test. The mean 
errors per opportunity were .18 for R>W pairs, .22 for R=W pairs 
and .33 for W>R pairs. The differences among these conditions Were 
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significant [F(2,92) = 1488, p < 01}. Again, no other effect was 
significant. 
In the analyses above, errors on the phase 3 test were compared as 
a function of frequencies of exposure during phase 1. The analyses 
estimated 


re-pairing decrement. At this point we ask whether re-pairing altered 
the relations between respective rights and wrongs in estimated fro- 


Specifically, the first question here is whether re-pairing increased 
the number of pairs for which the wrong item had a higher estimated 
frequency than its corresponding right item. To answer this question, 
each subject's frequency estimates to the members of his phase 3 test 
pairs were tallied, and the number of pairs for which the he 
had assigned the wrong word exceeded the frequency he as 
signed the right word was determined. The number of such pairs pro- 
vided the basic data for a 2 X 2 analysis of variance (phase 2 in 
structions and phase 3 test pairings). This analysis resulted in one 
significant effect. There were more pairs for which the wrong word had 
a higher frequency value than the right word in the cross-pair groups 
than in the same-pair groups [X = 10.31 and 8.60 respectively; F 
(1,92) = 793, p < 01]. 

Given that cross-pairing did indeed produce more W>R pairs the 
next question is whether performance on the phase 3 test trial was re- 
lated to the difference between rights and wrongs in estimated fre- 
quency value. Two scores were derived for each subject. These scores 
were the proportion of R>W pairs that were correct on the phase 3 
test and the proportion of W>R pairs that were correct. The 
of all subjects had both types of pairs. Neither phase 2 instructions 
(A or S) nor phase 3 pairing condition (SP or CP) affected these 
scores. The only significant effect in the analysis resulted from the 
higher proportion correct for R>W pairs than for W>R pairs [X = 
83 and .62 respectively; F(1,92 = 99.56, p < 01). : 

A final, related question involves comparing es of 
the rights and wrongs of those phase 3 pairs to which the subjects 
responded correctly with those to which they responded to by selecting 
the incorrect alternative. The average difference in fre- 
quencies (rights minus wrongs) was computed for pairs responded to 
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correctly in phase 3 and for pairs responded to incorrectly. One sub- 
ject made no errors and was assigned a value of zero for incorrect 
pairs. A 2 X 2 X 2 analysis of variance (the four major groups and 
correct versus incorrect pairs) revealed that the average frequency 
difference for pairs responded to correctly was significantly higher 
than for pairs responded to incorrectly [X — 6.73 and — 1.50 respec- 
tively; F(1,92) — 83.30, p « .01]. The only other significant effect 
indicated that the average frequency difference for the same-pair con- 
ditions was greater than the average frequency difference for the 
cross-pair conditions [X — 1.81 and .81 respectively; F(1,92) — 4.09, 
p < 05]. 


DISCUSSION 


The present study found a greater increase in errors on a verbal- 
discrimination test with re-paired rights and wrongs than on one with 
the original pairs. As in an earlier report (Wallace and Nappe, 1971), 
the magnitude of the effect was small. In addition to this demonstra- 
tion of a re-pairing decrement, there was evidence in support of a 
frequency-theory interpretation of the effect. 

It seems reasonable to assume that the states of the environment 
and the organism are continually varying during the course of verbal- 
discrimination learning. At any point in time, these conditions may be 
more or less favorable to acquisition (frequency accrual). Hence, 
there ought to be certain similarities in frequency values to rights and 
wrongs of pairs presented together, since they share the same environ- 
mental and organismic influences. 

This ‘yoking’ is assumed to result in specific pairs with members 
relatively close in frequency value. If frequency accrues faster to rights 
than to wrongs, at some point in learning the rights will all be higher in 
frequency value than their respective wrongs. Verbal discrimination 
should be impaired to the extent that all pairs do not conform to the 
rule that the correct alternative is higher in frequency than its corre- 
sponding incorrect partner. Re-pairing rights and wrongs dissolves the 
yoking advantage and may result in some new pairs that combine à 
wrong item of relatively high frequency value with a right item of 
relatively low frequency value. Such re-pairing reduces the likelihood 
that all the rights are higher than their respective wrongs, and con- 
sequently performance is impaired. 

Implicit in the discussion above is the assumption that frequency 
values are variable among items with similar right or wrong functions 
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and identical numbers of presentations. Certainly, the frequency-judg- 
ment protocols were consistent with this assumption, although, of 
course, the variability may be intrinsic to the measuring instrument. 

It is apparent that several assumptions are necessary to incorporate 
the re-pairing decrement within frequency theory. The evidence 
offered in support of the validity of these assumptions was based upon 
subjects’ estimates of frequency and the relation of these estimates to 
verbal-discrimination performance. The frequency judgments were sen- 
sitive to differences in actual number of presentations of pairs and the 
right or wrong function of individual words. 

The frequency judgments also revealed an interesting interaction 
between number of presentations and item function: the difference in 
estimated frequency between rights and wrongs increased as number 
of presentations increased. Underwood and Freund (1970) reported 
that the ability to discriminate differences in frequency was poor when 
base frequency (number of presentations of the less frequent member 
of a pair) was greater than three, the implication being that frequency 
discrimination should be difficult beyond three presentations of a pair. 
The present results may indicate that the greater increase in frequency 
differences as a function of number of presentations compensates for 
the difficulty that accompanies increases in base frequency. 

There was some evidence that the yoking assumption, which is 
central to the present frequency-theory interpretation of the re-pairing 
decrement, is tenable. Randomly re-pairing rights and wrongs (which 
were exposed the same number of times in phase 1) resulted in a 
greater difference in the absolute values of estimated frequency be- 
tween those pair members, as compared to the difference in absolute 
values for the members of the original pairs. This is consistent with 
the assumption that exposing words together minimizes the frequency 
differences between right and wrong words. : ) 

The re-pairing decrement was attributed to an assumed increase in 
the number of pairs for which the rule to select the more frequent 
member of the pair would result in an error. The frequency estimates 
provided data consistent with this assumption. There were more test 
pairs with wrongs greater in frequency value than their respective 
rights (W>R) in the re-paired conditions, compared to the same-pair 
conditions, Re-pairing did not alter the probabilities of correct respond- 
ing to W>R pairs or to R2 W pairs. The cross-pairing manipulation 
just increased the number of the more difficult, W>R, pairs. 

Magnitude estimation of frequency value appeared to be a useful 
Approximation to the assessment of the relations between frequency 
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and verbal-discrimination learning. Instructional variations presumed to 
emphasize a subjective basis for frequency judgments had little in- 
fluence. In view of the variability in frequency accrual to individual 
words, it is argued here that judged frequency provides a more effec- 
tive approximation of 'true' frequency values than is provided by the 
counting postulate introduced by Ekstrand et al. (1966). 


Notes 


This research was made possible by Grant 1 RO3 MH19323-01 from the 
United States Department of Health, Education, and Welfare. Received 
for publication July 1, 1971. 

l. This interaction was significant when the performance of the original 
198 subjects was compared fr, 336) = 3.42, p < .05], indicating that 
the interaction was not due to some unknown factors connected with the 
attrition of subjects. 
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SEQUENTIAL AND POSITIONAL CUES IN 
SERIAL TO PAIRED-ASSOCIATE TRANSFER 


G. J. Johnson 
University of British Columbia 


The relative positive transfer—from a serial list to a paired-associate list— 
that was mediated by interlist positional relations was almost twice as 
pronounced as that mediated by interlist sequential relations. When both 
positional and sequential cues were available, transfer was no greater (ex- 
cept for paired-associate items from the middle of the serial list) than that 
with positional cues alone. 


In an attempt to assess the relative importance of sequential and 
positional associations in serial learning, Jensen and Rohwer (1965) 
compared transfer from a serial list to two different types of paired- 
associate tasks. For one design, subjects learned a serial list (say, A, 
B, C, D,,.. ) and then a double-function list of paired associates, a 
list constructed from adjacent items of the serial task (A-B, B-C, C-D, 
... ). The control subjects learned a serial list of items unrelated to 
those on the list of paired associates. This experimental arrangement 
was viewed as a test of the sequential hypothesis, according to which 
serial learning consists of the formation of associations between suc- 
cessive pairs of items in a list. 

For the other type of design, Jensen and Rohwer' subjects learned 
a serial list (A, B, C, D,... ) and then were given a paired-associate 
task that required them to associate individual items of the serial list 
With spatial positions in a horizontal array of rectangles (1-A, 2-B, 
3-C, 4-D, ... , where each number represents a spatial position jn the 
array). When a red dot appeared in one of the rectangles, subjects 
Were to respond with the item that had occupied the corresponding 
ordinal position in the serial list. A control group learned the same 
Spatial paired-associate task after having learned a serial list con- 
structed of items unrelated to that transfer task. This design was con- 
ceived as a test of the ordinal-position hypothesis, according to which 
serial learning consists of the formation of associations between mM- 
dividual items and their respective ordinal positions in the list. 

Jensen and Rohwer assumed that the differences in transfer effects 
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yielded by the two designs would reflect the relative availability of 
sequential versus positional associations after serial learning and, in 
turn, reflect the extent to which the formation of associations of each 
type is involved in serial acquisition. The results, however, failed to 
provide any evidence that could be taken as support for either the 
sequential hypothesis or the ordinal-position hypothesis. Not only were 
there no differences between experimental and control conditions as a 
function of type of paired-associate (transfer) task, but neither para- 
digm resulted in appreciable transfer effects. Jensen and Rohwer were 
forced to conclude that neither sequential nor positional associations 
appear to play a very important role in serial learning. 

A number of subsequent studies have yielded significant transfer 
effects with the serial/double-function design. However, it has become 
clear that a major factor determining the degree of transfer with this 
paradigm is the length of the anticipation interval used for the paired- 
associate learning (Heaps, Greene, and Cheney, 1968). With few ex- 
ceptions (Postman and Stark, 1967), the studies showing significant 
transfer effects have used a slower presentation rate for the paired 
associates than the 2:2-sec rate used by Jensen and Rohwer. Similarly, 
significant transfer effects have been reported for the serial/spatial- 
discrimination paradigm where a 3:3-sec rate was used (Ebenholtz, 
1963), although the degree of such effects may have been inflated by 
the nature of the control condition employed. 

It seems quite likely, therefore, that differences in relative transfer 
effects yielded by the two types of design may have been obscured in 
the Jensen and Rohwer study by the low degree of absolute transfer 
that was imposed by the rapid presentation of the transfer ( paired- 
associate) lists. In view of this possibility, the essential aspects of the 
Jensen and Rohwer design were replicated in the present study. In 
order to make conditions more favorable for transfer, a 4:4-sec rate 
was used for presentation of those lists. 

Also, the design was extended by including negative transfer con- 
ditions for both the sequential task and the positional task. In addition, 
a third, sequential/positional, type of transfer task was administered to 
groups of positive, negative, and control subjects. This task was con- 
structed so that performance might be sensitive to the transfer of either 
sequential associations or positional associations as well as to a com- 
bination of the two. That is, subjects in the positive transfer condition 

got a positional cue and a sequential one. This combined task was in- 
cluded in the design to investigate the possibility that acquisition ofa 
serial list represents a multiple-cuing type of learning for which the 
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‘effective stimulus’ is actually a complex of stimuli consisting of some 
combination of positional and sequential cues. This notion implies that 
maximum transfer effects would be obtained on the sequential/posi- 
tional task relative to the sequential or positional tasks. The design thus 
included three conditions of transfer ( positive, negative, and control) 
for each of three types of paired-associate transfer tasks (sequential, 
positional, and sequential/positional JE 


METHOD 


— Materials—Subjects learned one of three serial lists, each consisting of a 
starting symbol (a set of asterisks) and ten two-syllable abjectives. The first 
list (S,) contained these items: ready, basic, vocal, timid, erect, adept, 
overt, funny, quiet, upper. The second serial list (S;) consisted of the same 
items but arranged in such a way that none occupied the same position 
across lists and none either followed or preceded another given item in 
both lists. Subjects in positive or negative transfer conditions learned S, 
or S,. Subjects in the control conditions learned a third serial list (S.), which 
contained these items: aware, exact, woven, giant, outer, crazy, tired, pious, 
handy, legal. 

For the sequential transfer tasks, two nine-item, double-function lists of 
paired associates (sequential-association lists SA, and SA,) were derived, 
one from serial list S, and one from S,. Individual pairs were constructed 
from items occupying adjacent positions in the appropriate serial list. Sub- 
jects in the positive condition learned either S, and SA,, or S, and SAs. 
Subjects in the negative condition learned S, and SA,, or S; and SA,. Control 
subjects learned either S, and SA,, or S, and SA.. 

For the positional transfer tasks (here termed OP, and OP,), there were 
constructed horizontal arrays of ten rectangles, with each rectangle to 
associated with one of the ten items oe in serial lists S, and S. 
From each of the lists S, and S,, a task was erived so that for positive 
transfer conditions (S, and OP,, or S; and OP,), the arrangement of the 
items across the rectangles corresponded to the ordinal positions of the 
items in the appropriate serial list. For negative transfer conditions (S; and 
OP,, or S, and OP,), the position of each item in the spatial array was 
different from that in which the item occurred in the serial list. For the 
control conditions (S, and OP,, or S and OP,), items in the spatial task 
were unrelated to those in serial list. deus 

For the sequential/ positional tasks, a transfer list again was derived e 
each of the serial lists S, and S,. This transfer task combined the WEAR 
and positional tasks. That is, for each response item a ‘compound stimu a 
was presented that consisted of the position of a red dot in the array as we 
as another of the items in the transfer list. The stimulus word of a EM 
pair appeared simultaneously with the position cue and in the rectangle 
to the immediate left of the one containing the red dot. This task consiste 
of one less item than did the positional task, since the first rectangle E 
used only to present the stimulus word for the item occupying the secon 
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spatial position. For tho positive conditions here (S, and SA-OP,, or S, and 
SA-OP,), the position of a given item in the atial array corresponded to 
the position of the item in the serial list, and the word that appeared as a 
stimulus was the one that immediately preceded a given response item in 
the serial list. For the negative conditions (S, and SA-OP,, or S, and 
SA-OP,), response items of the transfer task occupied spatial positions that 
were different from the ordinal positions held by the items in the serial 
task. Further, stimulus and response terms for each of the nine pairs repre- 
sented items in nonadjacent positions on the serial list. The lists for the 
control conditions (S, and SA-OP,, or S, and SA-OP,) contained items 
unrelated to the serial task. All lists were typed in uppercase letters and 
were presented by means of an MTA Scholar. 


—Subjects—With two transfer lists for each condition of transfer (positive, 
negative, and control) under each type of task (sequential, positional, and 
sequential/positional), the design included 18 groups of subjects. One 
hundred and sixty-two college students, who J aca to participate, 
served as subjects. Nine subjects were assigned to each of the 18 groups. 
Assignment was carried out in blocks of 18 with a different predetermined 
random order of the 18 conditions being used for each block. Three ex- 
perimenters collected the data, each using an independent assignment 
Schedule and running one-third of the subjects in each condition. 


—Procedure—After receiving standard instructions for serial anticipation 
learning, the subjects were presented one of the three serial lists at à 3-sec 
rate with a 3-sec intertrial interval. Training on the serial list was to à 
criterion of two successive perfect trials at the task. Immediately after serial 
training, subjects in positive transfer conditions were given explicit informa- 
tion about the transfer task to be learned and the nature of the interlist 
relationship. Instructions were read in conjunction with the presentation 
of a card ie the appropriate transfer paradigm in terms of geometric 
symbols of different colors. Subjects in the negative transfer conditions were 
E us instructed, except that they were informed of the inappropriateness 
of first-list positional and/or sequential relations to the transfer task. Control 
subjects were LAE information about the construction of the relevant trans- 
fer list and told that it was unrelated to the serial list. The duration of the 
intertask interval was approximately 5 min. 

For the sequential transfer task, each successive stimulus word appeared 
for 4 sec, followed by the joint appearance of stimulus and response terms 
for an additional 4 sec. For the positional transfer task, a red dot repre 
senting a given positional cue was presented in one of a series of ten rec 
tangles arranged horizontally across the window of the drum. After a 4-sec 
anticipation interval, the drum turned to present the appropriate response 
word positioned in the array in the place of the red dot. Then 4 more 
sec elapsed before the appearance of the positional cue for the next item. 
For the sequential/positional transfer list, a red dot was presented in one 0 
the rectangles in conjunction with the appropriate stimulus word, whic 
appeared in the ‘box’ immediately to the left of the one containing the rt 
dot. After 4 sec the drum turned to reveal both the stimulus word and 
the response word placed in the appropriate rectangles of the array. After 
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4 sec the pair of cues for the next item appeared. A 4-sec intertríal interval 
was used for all these paired-associate lists, and each list was presented in 
three different random orders so as to reduce serial effects on the paired- 
associate learning here. Subjects were given ten trials on the transfer task, 
with no responses being required on the first presentation. 


RESULTS 


Serial performance 


Performance on the serial task was compared across the nine 
groups representing the factorial arrangement of three levels of the 
task variable with three conditions of transfer. Mean numbers of trials 
to achieve two successive errorless recitations of the list ranged from 
9.72 to 12.00, the differences among groups being nonsignificant 
[F < 1, df = 8,153]. 


Early transfer effects 


Performance on the first anticipation trial of paired-associate leam- 
ing was used to assess early transfer effects. Shown in Table 1 are 
mean numbers of first-trial errors for positive, negative, and control 
conditions for each of the three tasks. Analysis of variance indicated 
significant effects both for tasks (F = 5.37, df = 2,153; p < 01) and 
for conditions of transfer (F = 87.28, df = 2, 153; p < .001). The in- 
teractive effects of the two factors were also significant (F = 2.67, df 


Table 1. Mean numbers of errors on the first transfer trial for each condition 
on each task 


Condition 
Task Positive Control Negative 
Positional 1.94 6.44 6.22 
Sequential/positional 1.28 6.33 E 
Sequential 3.94 6.50 6. 


= 4,153; p < .05). Pairwise comparisons among the three tasks with 
the Newman-Keuls test revealed that while the positional and sequen- 
tial/positional tasks did not differ from each other, each was superior to 
the sequential task (p < .05). Positive transfer effects were highly re- 
liable (p< .005 by Dunnett's test), while first-trial performance 
yielded no indication of negative transfer. The significant interaction 
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between tasks and conditions of transfer reflects a greater amount of 
positive transfer for the positional and sequential/positional tasks than 
for the sequential task, Differences between positive and control con- 
ditions for the positional and sequential/positional tasks (combined) 
contrasted with those for the sequential task were significant at the 
.005 level (F = 9.56, df = 1,104), Differences in the amount of posi- 
tive transfer for positional versus sequential/positional tasks were not 
significant (F < 1, df = 1,68). According to Murdock's (1957) form- 
ula, (C — P)/(C + P) X 100, applied to total numbers of first-trial 
errors for positive and control conditions, percentages of positive 
transfer were 53.64, 66.42, and 24.47 for the positional, sequential/ 
positional, and sequential tasks respectively. 


Overall transfer effects 


Performance curves for the nine experimental groups are presented 
in Figure 1 in terms of mean number of errors over the nine transfer 
trials in blocks of three trials each. These curves suggest considerable 


Sequentiol/positional tork 


MEAN NUMBER OF ERRORS 


1 2 3 1 2 3 1 2 3 
BLOCKS OF THREE TRIALS 


Fig. 1. Mean number of errors for positive, negative, and control conditions 
on each of three transfer tasks 


transfer effects within each task, in addition to reflecting differences in 
overall level of difficulty across the three types of task. Analysis of 
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variance applied to number of errors on the transfer lists indicated 
significant effects both for task (F = 55.22, df = 2, 153; p < .001) and 
for condition of transfer (F =42.51, df= 2,153; p < .001). Interactive 
effects of task and transfer condition were nonsignificant (F < 1, df = 
4,153). Mean numbers of errors for the sequential, positional, and 
sequential/positional tasks were 36.76, 15.30, and 18.28 respectively. 
Pairwise comparisons with the Newman-Keuls test indicated significant 
differences (p < .01) between the sequential and positional tasks and 
between the sequential and sequential/positional ones. The difference 
between the positional and sequential/positional tasks did not approach 
significance. For conditions of transfer, mean numbers of errors were 
10.07, 26.54, and 33.72 for positive, control, and negative respectively. 
Dunnett's test showed that both positive and negative transfer 

were significant beyond the .005 level. 

Since level of difficulty varied markedly as a function of type of 
task, absolute differences in number of errors among positive, negative, 
and control conditions for the three tasks are not likely to provide a 
very sensitive measure of the relative degree of transfer for each 
type of task (Jensen and Rohwer, 1965). That is, a given difference 
between positive versus control conditions for the positional or sequen- 
tial/positional tasks may represent a greater proportion of transfer than 
for the sequential one because of a ceiling effect imposed by the rela- 
tive lack of difficulty of the other two tasks. 

So in order to provide an explicit test of relative transfer effects for 
the three types of tasks, the following analyses were conducted. The 


18 subjects within each of the nine experimental conditions were 
ranked on the basis of number of errors to first-list criterion. For each 


type of task, transfer data were arranged in 18 blocks such that each 

block represented error scores of three subjects (one from each transfer 
condition) matched according to their ranks on first-list performance. 

For each of the 18 blocks (within the three tasks), percentages of posi- 

tive and negative transfer were calculated on the basis of scores of the 

_ three matched subjects within a block. Percent positive transfer was 
computed according to the formula (C — P)/(C + P Jae — 

C and P represent the scores of a control subject and a positive-transfer 
Subject respectively. Similarly, percent negative transfer was calculated 

on the basis of (C — N)/(C + N) X 100, where N represents the 

Score of a negative-transfer subject. In order to determine whether dif- 

= ferences in relative transfer across the three tasks were related to the 
| Positions the items occupied in the serial list, percent transfer was cal- 


Culated separately for items taken from the beginning, middle, and end 
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portions of the serial list. For the positional task, these portions corre- 
sponded to the items in positions 1—4, 5-7, and 8—10, respectively, 
of the serial list. For the sequential and sequential/positional tasks, 
the beginning items were 2—4 of the serial task, since the item appear- 
ing in position 1 was used only as a stimulus term in the transfer task. 

Presented in Table 2 are mean percentages of positive transfer for 
the three tasks as a function of serial positions of response items. Each 
of the entries represents the average of 18 values calculated individual- 
ly for matched pairs of subjects. These data reveal substantial differ- 
ences in relative transfer effects across the three types of transfer task. 
Mean percentages of positive transfer (averaged over scrial positions) 
were 62.33 for the positional, 73.43 for the sequential/positional, and 
36.00 for the sequential task, Analysis of variance of these percentages 
(transformed to arcsin) indicated a significant effect for type of trans- 
fer task (F = 9.84, df = 2,51; p < .001). Pairwise comparisons among 
the three means by the Newman-Keuls test indicated significantly 
greater transfer for the positional and sequential/positional tasks than 
for the sequential task (p « .01). The difference between the position- 
al and sequential/positional tasks was not significant. Percent positive 
transfer also varied significantly as a function of the position of items 
in the serial list (F = 4.31, df = 2, 102; p < .025); the mean percent- 


Table 2. Mean percentages of positive transfer by task and serial position 


Serial position 
Task Beginning Middle End 
Positional 77.87 49,78 59.33 
Sequential/positional 74.82 77.41 68.07 
Sequential 40.18 35.91 31.92 


Table 3. Mean percentages of negative transfer by task and serial position 


Serial position 


Task Beginning Middle End 
Positional 14.58 2.58 16.02 
Sequential/positional 8.58 9.62 13.17 
Sequential 11.66 8.90 15.03 


ages for beginning, middle, and end positions (averaged across tasks) 
were 64.29, 54.37, and 53.11 respectively. 
A significant portion of the variance among percent positive transfer 
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E: 
scores was attributable to the interactive effects of task and serial posi- 
tion (F = 253,df = 4,102;p <.05). Analysis of simple effects 
showed reliable differences among the three tasks at each level of the 
serial-position variable, F in each case (df = 2,51) being significant 
beyond .005. On items taken from either the first or the last of 
the serial list, relative positive transfer for the sequential task was less 
than that for either of the other two tasks (p < .01 by the Newman- 
Keuls test), with no significant differences between the latter two. How- 
ever, on those items taken from the middle positions of the serial list, 
relative transfer effects for the positional task were significantly less 
pronounced than those for the sequential/positional task (p < 05) 
and did not differ significantly from those yielded by the sequential 
task. 

Mean percentages of negative transfer for each of the three tasks as 
a function of serial position of response terms are shown in Table 3. 
Negative transfer effects for each task were markedly lower in magni- 
tude than positive transfer effects. Analysis of variance applied to 
arcsin transforms of percent negative transfer scores yielded no signifi- 
cant effects. Mean percentages for positional, sequential/ positional, 
and sequential tasks respectively (averaged across serial positions ) 
were 11.06, 10.66, and 11.86. The degree of negative transfer yielded 
by the positional task on items taken from the middle of the serial list 
was notably less than that on items taken from either the first or the 
last portion. However, the magnitude of this effect was not sufficient to 
produce a significant interaction of tasks and positions (F < 1, df = 
4, 102). 


DISCUSSION 


The present results indicate that when subjects are given explicit 
instructions as to the interlist relationship and when the transfer list is 
presented at a relatively slow rate, both positive and negative transfer 
effects may be obtained in the serial/paired-associate paradigm. Such 
effects were apparent for the type of design which has been assumed 
to reflect the transfer of sequential associations as well as for that 
which has been proposed as a measure of the transfer of positional 
associations from serial to paired-associate learning. 

A comparison of the present results with those of Jensen and Rohwer 
(1965) emphasizes the importance of allowing the subject sufficient 
time to utilize the cues provided in a paired-associate list to mediate 
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transfer from the serial list. Heslip (1968) has cautioned against the 
use of an anticipation interval in excess of 3 sec, on the grounds that 
the subject may, rather than responding directly to the cue presented 
in paired-associate learning, covertly recite the sequence of items 
before emitting the appropriate response. Since the 4-sec anticipation 
interval used for presentation of the paired associates in the present 
study was a little over the 3-sec limit suggested by Heslip, it is possible 
that absolute transfer effects were inflated to some degree by this 
factor. However, it should be noted that differential transfer effects 
across the three tasks are independent of any such ‘recitation confound- 
ing,’ since the same anticipation interval was used in the presentation 
of the three tasks’ lists of paired associates. 

If the difference in degree of relative positive transfer yielded by the 
sequential and positional tasks is taken as an indication of the relative 
importance of sequential versus positional associations in serial ac- 
quisition, the results appear to favor the ordinal-position hypothesis. 
The amount of positive transfer on the first trial of paired-associate 
learning for the positional task was clearly superior to that for the 
sequential task, Overall positive transfer effects, when adjusted for 
differences in task difficulty, were almost twice as pronounced in the 
positional than in the sequential task. 

Although negative transfer effects over the three tasks (combined ) 
were significant, they were of a much lower order than positive trans- 
fer effects, and they failed to distinguish among the three types of 
serial/paired-associate paradigms. The high degree of interlist distinc- 
tiveness between the serial task and the transfer tasks quite likely 
served to reduce the strength of potential interlist-intrusion tendencies. 

Another factor that may have contributed to the asymmetry of posi- 
tive and negative transfer effects (at least early in training) is the 
differential response availability at the beginning of paired-associate 
learning for subjects in positive or negative transfer versus control 
conditions. Since control subjects were required to learn a set of 
responses different from those used in the serial task, comparison of 
their paired-associate performance to that of positive-transfer subjects 
is likely to lead to an overestimate of positive transfer, and comparison 
of their performance to that of negative-transfer subjects is apt to yield 
an underestimate of negative transfer. Since the present study was 
concerned primarily with relative transfer effects, this issue is crucial 
only to the extent that differences between experimental and control 
subjects in terms of response availability varied across the three paired- 
associate tasks. It may be noted that control subjects in the sequentia 
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and sequential/positional groups were given a greater opportunity to 
learn response items as such during paired-associate presentation than 
were the positional control subjects, since for the first-mentioned two 
groups all but one of the response terms also appeared as stimulus 
terms, However, the almost identical curves for control subjects in the 
positional and sequential/positional groups (see Figure 1) suggest that 
relative transfer effects were not confounded by differential rates of 
response acquisition for control subjects under the various task con- 
ditions. 

Differences in the amount of relative transfer for the sequential and 
positional tasks as a function of the position of paired-associate items 
in the serial list may be related to the ‘dual process’ hypothesis (see 
Jensen and Rohwer, 1965). According to the most recent version of this 
hypothesis, positional cues play a major role in the acquisition of items 
at the ends of a serial list, while sequential cues serve as the primary 
functional stimuli’ for items in the middle of the list. In the context of 
the present experiment, this notion suggests that for paired-associate 
items taken from the ends of the serial list, transfer with the positional 
task should be greater than that with the sequential one; while for 
items taken from the middle of the serial list, transfer with the sequen- 
tial task should be superior to that with the positional task. But the 
results indicated no tendency for relative transfer with the sequential 
task to be greater than that with the positional task—regardless of 
serial position of response items. That transfer effects for the positional 
task on items taken from the middle portion of the serial list were less 
than those on items taken from the ends does suggest a decreased 
effectiveness of positional cues with respect to middle items vis-à-vis 
end items. However, the conclusion that the stimulus function in the 
acquisition of middle items is provided primarily by sequential cues 
seems to be precluded, since relative positive transfer was still ap- 
preciably greater on middle items in the positional than in the sequen- 
tial condition. 

A number of factors lead to an expectation of superior transfer 
effects for the sequential/positional task relative to the sequential or 
positional ones. First, if positional cues function as stimuli at one 
portion of a serial list and sequential cues at another, transfer effects 
should be maximum where both types of cues are presented in the 
transfer task. Second, if there are individual differences across subjects 
in their preference for ‘strategies involving positional versus sequential 
learning, the sequential/positional task should be favored. Third, if 
Sequential and positional cues ‘overlap’ to form a complex of stimuli 
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appropriate to each item in the serial list, the degree of generaliza- 
tion decrement between serial and paired-associate tasks should be less 
for the sequential/positional task than for the sequential or positional 
tasks. 

Relative positive transfer for the sequential/positional task was 
grossly superior to that for only the sequential task, however; and the 
degree of this superiority was fairly constant regardless of the posi- 
tions in which transfer-list items appeared in the serial list. It seems 
likely that subjects in the sequential/positional condition refrained 
from using sequential cues to any appreciable extent to mediate trans- 
fer performance. The similarity of the results for the sequential/ 
positional and positional tasks, both in terms of relative positive trans- 
fer and overall level of performance, further suggests that the sequen- 
tial cues provided in the sequential/positional task were not a major 
factor determining the subjects’ responses. The tendency of these 
subjects to select the positional rather than the sequential cues to 
mediate transfer may indicate that during serial learning the strength 
accrued by positional associations is greater than that accrued by as- 
sociations between adjacent items. 

It may be argued, of course, that the subjects’ predominant use of 
positional cues reflects a strategy of ‘ignoring’ the sequential aspects of 
the sequential/positional task in order to avoid the rather extreme 
difficulty inherent in a double-function list (see Postman and Stark, 
1967). Since all but two of the items in the sequential or sequential/ 
positional tasks served both a stimulus and a response role, heavy 
interference from backward associations would provide a major source 
of difficulty in paired-associate acquisition. Subjects in the sequential/ 
positional task might eliminate this difficulty by responding strictly on 
the basis of the positional cues presented. However, the greater 
amount of relative positive transfer for the sequential/positional task 
than for the positional task on items taken from the middle portion of 
the serial list shows that subjects did not completely disregard the 
sequential cues in the sequential/positional task. 

For items taken from the ends of the serial list, asymptotic transfer 
performance was achieved by the presentation of positional cues alone. 
However, for items taken from the middle of the serial list, the effective- 
ness of positional cues in mediating transfer was enhanced when they 
appeared in combination with relevant sequential cues. Thus, while 
comparison of overall relative positive transfer across the three paired- 
associate tasks suggests that interitem associations constitute à less 
essential factor in serial learning than do positional associations, the 
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results are not incompatible with the assumption that sequential cues 
form a part of the complex serving as ‘functional stimulus’ for at least 
some of the items in a serial list. 


Notes 


This research was supported by a grant from the National Research Council 
of Canada, APA 0276. Received for publication July 1, 1971; revision, 
August 11, 1971. 
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The 48 nursery schoolers saw five trials of one letterlike form with a different 
color, size, and background on every trial (varied form) and five trials of 
another form with the same color, size, and background on every trial 
(constant form). Half got nonsense names for the two forms. On a recogni- 
tion test with the two forms plus six others, fewer errors were made by 
older than younger and by middle- than lower-class children. Their initial 
choices revealed no effects of contextual variation versus constancy, or of 
stimulus labels, but younger subjects chose the varied and older subjects the 
constant form as the one they remembered best. 


It has frequently been suggested (Jeffrey, 1969; Scott, 1966; Tra- 
basso, 1968) that one way to facilitate learning and problem solving 
in the young or mentally retarded child is to eliminate or hold con- 
stant all stimulus cues that are not relevant to the solution of the im- 
mediate task. The empirical basis for this recommendation has prim- 
arily been discrimination-learning and concept-identification experi- 
ments, which have repeatedly demonstrated that the fewer and less 
variable the irrelevant cues, the faster the learning (Eimas, 1966; 
House and Zeaman, 1963; Lubker, 1967; Osler and Kofsky, 1965; 
Trabasso, 1963; Trabasso and Bower, 1968). 

Several other recent studies, however (Odom and Guzman, 1970; 
Gibson and Shepela, unpublished manuscript; White, 1965), have 
shown that the young child learns just as well when irrelevant cues are 
varied as when they are held constant. Indeed, it has even been sug- 
gested that the very young child may learn better under conditions of 
stimulus variation (Jeffrey, 1969; Odom and Guzman, 1970), although 
there is disagreement on this point (Gollin, 1961; White, 1966). The 
present study was an attempt to specify the learning situations and 
children that might benefit from stimuli presented in varying versus 
Constant contexts. 1 
. Tighe and Tighe (1966) have pointed out the importance of dis- 
tinguishing between two processes in discrimination learning, each of 
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which may be facilitated by different conditions. The first process is 
perceptual learning, defined as increased sensitivity to variables pre- 
sent in stimulation; the second is associative learning, or the associa- 
tion of responses to previously discriminated variables of stimulation. 
The discrimination-learning and concept-identification experiments 
mentioned above have been concerned primarily with associative 
learning. In those experiments it has been assumed that the subject 
is able to discriminate all the task cues (say, color, size, and form) prior 
to his learning which of those cues was arbitrarily designated as cor- 
rect for a particular problem. In addition, reinforcement or some kind 
of feedback on correctness of response has usually been given on each 
trial. 

There seem to be several limitations of such studies as a basis for 
recommendations for enhancing the learning of young children in 
other than controlled experimental settings. First, often it cannot be 
assumed that young children can (or will) discriminate all the cues 
relevant to a task before the task begins. One of the primary goals of 
reading-readiness training, for example, is to teach the child to recog- 
nize the letters of the alphabet and thus be able to discriminate which 
aspects of letterlike forms are relevant to correctly identifying letters 
and which are irrelevant. Before recommending the elimination of con- 
textual variation in classroom and other general learning situations, 
the effects of this variable should be examined in tasks in which the 
child has not previously learned all the cues—in perceptual-learning 
tasks, for example. 

Another limitation of those associative-learning studies concerns the 
use of reinforcement on every trial. Again, this does not seem to par- 
allel the typical learning situation of the young child, who continually 
discovers regularities in his environment without reinforcement Or 
feedback on every ‘trial’ (see Gibson, 1969; Tighe and Tighe, 1966). 
One of the most obvious and significant examples of this type of early 
learning is the child's acquisition of language, in which he is clearly not 
reinforced in any traditional sense for every trial utterance or eac 
instance of listening. Yet he learns in a most impressive way to recog- 
nize and use the correct patterns of spoken language. 

Indeed, one of the most striking characteristics of language is the 
great variation of the context in which it is spoken (its pitch, loudness; 
speed, setting, and so forth; see Gibson, 1969). Thus again, before 
eliminating contextual variation from other early learning situations, 

it seems important to investigate its effects further. Contextual varia" 
tion has previously been found to facilitate the differentiation of p 
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from wholes by college students (Turnure and Wallach, 1965), and 
the present study was an attempt to extend the investigation of its 
effects to young children under two conditions of perceptual learning. 

One other suggestion often put forth for facilitating early learning is 
to provide the subject with a name or label for the stimulus to be 
discriminated. A number of studies (Cantor, 1955; Norcross and 
Spiker, 1957; Stephens, 1968; Stern, 1965) have reported superior 
performance on discrimination and concept-learning tasks after the 
subject has learned names for the stimuli, and several studies have also 
found that labels facilitate short-term memory and delayed reaction- 
time responses in children (Bernbach, 1967; Bush and Cohen, 1970; 
Spiker, 1956). Other studies, however, have failed to find any differ- 
ence between the effects of learning labels and other types of stimulus 
experience (such as observation or stimulus judgments) on subsequent 
discrimination performance by adults (Amoult, 1953; Goss, 1953; 
Pfafflin, 1960; Rasmussen and Archer, 1961; Robinson, 1955; Turnure 
and Wallach, 1965). In addition to contextual variation, then, the 
present study also investigated the effects of presence versus absence 
of stimulus labels on perceptual learning by young children. 


METHOD 


—Subjects—The subjects were 48 children attending the University of 
Minnesota Nursery School. There were 24 in an older group (12 boys and 
12 girls), ranging in age from four years and five months to five years and 
seven months (mean age, five years), and 24 (14 boys and 10 girls) in a 
younger group, with ages ranging from three years to four years and four 
months (mean age, three years and ten months). Most of the children came 
from homes that could be characterized as upper middle class in socioeco- 
nomic status, with fathers employed primarily in the professions, but there 
were also five children in each age-group who come from homes of lower 
socioeconomic status, homes located in a predominantly black Model Cities 
area. These children’s families’ incomes were below the Headstart guide- 
lines, and the children attended the school tuition-free. 


—Experimental design and stimuli—The children viewed a series of slide 
presentations of letterlike forms, seeing five 5-sec pos of one form 
in which the color of the form, the color of the ackground, and the size 
of the form were different on every trial (varied form). Each child also saw 
five trials of a second form that had the same color, size, and background 
on every trial (constant form). ns 

Table 1 shows which training stimuli were seen by the 12 subjects in each 
of the four experimental groups. The training stimuli were modeled after 
two of Pick’s (1965) letterlike forms: /\ and ch, referred to here as A and B. 
Six versions of the two forms, each version with a different color, size, an 
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background, were prepared as slides. Each of the 12 subjects in each of the 
four experimental groups viewed a different one of these 12 training stimuli 
as his constant form. Each child also saw five different versions of he other 
letterlike form as his varied form (see Table 1). The order of stimulus 
presentation for each child was determined randomly, with the restriction 
that no child see more than three A or B forms in a row. 

Half of the subjects in each age-group were given one nonsense name 
on each trial of their varied form and a second name on each trial of their 
constant form. Two CVC trigrams (wuG and MiB), matched for meaning- 
fulness (Archer, 1960), served as names, with half the subjects in the name 
condition receiving wuc as the name of their varied form and wm for their 
constant form, and half receiving Mmm for their varied form and wvc for 
their constant form. None of the subjects in the no-name condition were 
told any name for either form. 

The stimuli for the recognition test were eight of Picks (1965) letter- 
like forms, appearing together on one slide as black forms on a white back- 
ground. This slide included the two training forms plus six forms the sub- 
jects had not previously seen; here all forms were approximately 2 in. ín 
size. 


— Procedure—Each child was tested individually in a small experimental 
room. The child was seated on a small chair approximately 3 ft in front of a 
projection screen. The training and test slides were projected on the screen 
y a Kodak Carousel slide projector. Each training slide was shown for 
5 sec. The test slide ratte on the screen as long as necessary to obtain 
the child's responses. p 

_ The subjects in the no-name condition were given these training instruc- 
tions: "I'm going to show you some pictures. I want you to look very care- 
fully at each one. Afterwards I'm going to ask you about what you saw. 
So look carefully at each slide.” The subjects in the name condition were 
given the same instructions but were also told: “I will also tell you the 
name of each picture.” During training in the name condition the experi- 
menter then told the child the name of each stimulus while it was being 
shown (“This is a wuc," for example). pr 

After the ten training slides had been presented, the recognition test 
slide was shown. Each child was asked, “Which of these forms do you 
think you just saw in the other slides?” If he didn't choose immediately, he 
was asked, “Which of these do you remember from the slides you just saw?” 
If he chose only one form he was asked, “Do you remember ud of the 
other ones?" If he chose more than one form, he was asked, ich MH 
do you remember best?" Finally, at the end of the experiment, each chil 
got to choose a small toy as a “prize for playing the game. 


RESULTS 


n 2 

The recognition-test choices were analyzed using nonparametric (x 
and Fisher exact-probability) tests. In addition, the error scores 
(choices of test forms other than the two training forms) were analyzed 


by t tests. All significance levels reported are based on two-tailed tests. 
Table 2 presents the initial responses of the groups on the recogni- 
tion test. The main effects evident in these data involve $ 
between the age-groups. The older children were more likely uM á 
they had seen only their two training forms before, whereas the 
younger ones were more likely to say they had see those two forms 
plus some or all of the other test figures (X? = 4.84, p < .05, 4 
df). This age effect was also apparent in the number of errors n 
the two groups: the younger subjects made significantly more e 
on the recognition test than did the older ones (t,, = 3.03, p < 0 


Table 2. Initial choices on recognition test 


Both 
Varied Constant training 
Group form form forms 
(age/condition ) only only only 
Older/No-name 0 0 10 
Older/Name 0 0 10 
Younger/No-name 1 0 4 
Younger/Name 1 0 7 
Constant Both Neither 


plus plus training 

others others form 
Older/No-name 1 1 0 
Older/Name 2 0 0 
Younger/No-name 1 5 1 
Younger/Name 0 3 Il 


The error data also revealed that the ten subjects from lower 
economic backgrounds made significantly more errors than 
dominantly upper-middle-class subjects (tıs = 4.82, p <.01). In 
to determine whether or not the errors of these ten children were] 
marily responsible for the significant age effect in the error data, 
scores of only the upper-middle-class subjects were analyzed. V 
this more homogeneous sample, the younger subjects still made si 
cantly more errors than the older subjects on the recognition 
= 2.28, p <.05). Further analysis of the error scores of only t 
subjects with lower socioeconomic status indicated that the age 
was significant for that subsample as well (ts = 2.80, p < 05). 

It should be noted that the initial responses on the recognitio 
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revealed no significant differences in the subjects' recognition of their 
varied versus their constant training form. Nor were there any signifi- 
cant differences between subjects in the name versus the no-name con- 
ditions, either in the number of children who recognized one or both 
training forms or in the number of errors on the recognition test. 

The choices of the subjects when asked which test form they remem- 
bered best are shown in Table 3. Analysis of these data revealed a 
significant age effect similar to the one evident in the initial-response 
data. On this part of the recognition test, the older subjects were more 
likely to say they remembered both of their training forms best, where- 
as the younger subjects tended to say they remembered neither train- 
ing form best, or another of the test forms best (p < .05 by the Fisher 
exact-probability test). These data also revealed a significant interac- 
tion between age and type of stimulus training. Of those children who 
said they remembered one training form best, the younger ones tended 


Table 3. Form remembered best on recognition test 


Both Neither Another 


Grou Varied Constant training training test 
(age/condition) form form forms form 
Older/No-name 5 4 2 0 l 
Older/Name 0 5 6 1 0 
Younger/No-name 5 0 1 2 4 
Younger/Name 3 1 3 2 3 


to remember their varied form best whereas the older ones tended to 
remember their constant form best (p < .05 by the Fisher exact test). 
Finally, as in the initial-response data, there were no significant effects 
associated with the name versus no-name conditions in the children's 
Choices of the form they remembered best. 


DISCUSSION 


The initial recognition-test responses in the present study revealed 
no significant effects of contextual variation versus constancy. 
finding suggests that in perceptual-learning situations like that of the 
Present study, there may be no particular advantage to “mpoverishing 
the environment” (Trabasso, 1968) by minimizing irrelevant cues, at 
least as far as the children’s immediate memory for stimuli is con- 
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cerned. As Fellows (1968) has pointed out, there are many other ways 
of directing attention to the stimuli that must be learned—without 
impoverishing the learning environment. 

The findings on which form was best remembered provide some 
support for the view that younger children (in this study, from three 
to four years and three months) may be particularly responsive to 
situations involving stimulus variation. Odom and Guzman (1970) 
also found that their younger subjects (five-year-olds ) learned better 
under conditions of stimulus variability than of constancy, and Jeffrey 
(1969) and Gibson (1969) have also suggested that high contextual 
variation may help the young child to isolate the invariant properties 
of objects. It is interesting that the highly successful educational 
television show “Sesame Street” makes extensive use of the method of 
varying stimulus cues (such as size, color, and background) in present- 
ing letter and number concepts to preschoolers. 

The fact that the younger children also made a number of errors on 
the recognition test suggests that the task did require some perceptual 
learning on their part, while the relatively few errors made by the 
older children suggests that they were able to discriminate the training 
and test forms fairly easily. It may be that when perceptual learning 
must occur (when the child cannot already discriminate the distinctive 
features of the stimuli), presenting the stimuli in varying contexts is 
helpful, whereas when the child can readily discriminate the stimuli, 
repeatedly presenting them in a constant context is just as effective, and 
perhaps even more effective. 

The finding that the children from lower socioeconomic backgrounds 
made more errors on the recognition test than the rest of the children 
in this predominantly upper-middle-class sample parallels other find- 
ings on social class and perceptual-discrimination performance (Clar 
and Richards, 1966; Covington, 1967). This finding may be accounted 
for, at least in part, by the more extensive experience of the upper 
middle-class children with stimuli and situations similar to those of 
present experiment. It should be noted that the children of lower 
socioeconomic status appeared to be less attentive to the experiment 
task and stimuli, and much more interested in the slide projector an 
other nontask aspects of the situation. 

Finally, providing the children in the present study with verbal labels 
for stimuli did not significantly affect their later recognition of those 
stimuli. As was pointed out in the introduction, a number of previous 
studies have found that stimulus labels facilitated children's discrimina" 
tion learning and memory for stimuli. Several differences between ese 
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studies and the present one may help to explain the discrepancies be- 
tween the findings, however. As was noted, the present study did not 
provide any kind of reinforcement or feedback during training. Also, 
the subjects were not required to verbalize the stimulus labels on each 
trial, although some of them did so spontaneously. Finally, the labels 
used were not particularly relevant to the stimuli to be learned, be- 
cause nonsense syllables were used in an attempt to parallel the situa- 
tion of the child's learning names for letters. 


Notes 


The author thanks the staff of the University of Minnesota Nursery School 
for their cooperation, Anne D. Pick for permission to use stimulus materials 
and for a critical reading of the manuscript, Mervyn Bergman for help in 
preparing slides, and Marianne Kerr for help in running subjects. The author 
is at the Institute of Child Development, University of Minnesota, Minne- 
apolis, Minnesota 55455. Received for publication June 28, 1971; revision, 
August 13, 1971. 
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FIGURAL AFTEREFFECTS AS OPTICAL ILLUSIONS? 


Michael Stadler 
University of Münster, Germany 


Ganz's theory of figural aftereffects is criticized on these grounds: that the 
‘attraction effect’ he described is an artifact of figural P ccu during 
the inspection period; that aftereffects cannot be optical illusions between 
test figure and the afterimage of inspection figure because aftereffects are 
found without such afterimages; and that lateral inhibition cannot be the 
underlying mechanism because aftereffects occur in areas outside its field 
of efficacy. 


In recent years Ganz has presented a series of findings (Ganz, 1964, 
1966a, 1966b; Ganz and Day, 1965) in support of an entirely new 
theory of figural aftereffects. He rejected the classic explanations of 
figural aftereffects, the so-called satiation or fatigue theories of Köhler 
and Wallach (1944) and Osgood and Heyer (1952), largely because 
they failed to explain the ‘attraction effect’ he had generally found in 
his experiments. 

The theory Ganz proposed instead was based on two presupposi- 
tions, The first was that the figural aftereffects which result from suc- 
cessive presentation of inspection and test figures are simultaneous 
optical illusions between the test figure and the afterimage of the 
inspection figure. His second assumption was that the already known 
repulsion effect and the ‘attraction effect’ he had found are both ex- 
plainable on a neurophysiological basis, as the result of the lateral 
inhibition of the contour of the test figure by the contour of the 
inspection figure—by the state of light or dark adaptation of the retina 
that the inspection figure causes. The spreading of the effects over an 
area around the contours can thus be explained by the eye-movement 
distribution (see Osgood and Heyer, 1952). 

In this form, Ganz’s theory of figural aftereffects is, on the one hand, 
more comprehensive than any other theoretical approach, because it 
Sets out to include the optical illusions, and on the other hand, more 
Specific, because it refers explicitly to a well-established neurophysio- 
logical mechanism that has been successfully used as an explanation of 
other groups of phenomena (Ratliff, 1965). 
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Though Ganz's theory seemed at first glance to explain most of the 
phenomena occurring with figural aftereffects, there soon appeared a 
need for modification of the theory to account for special observations 
(Pollack, 1967; Immergluck, 1968; Farné, 1970). In the article at hand, 
however, the approach to Ganz's theory is of a more fundamental na- 
ture: first, his interpretation of the "attraction effect’ will be considered 
in light of new experimental findings, and second, the two presup- 
positions of his theory will be subjected to experimental examination, 
using in most cases the size of closed figures to illustrate the figural 
aftereffects. 


THE ‘ATTRACTION EFFECT 


The displacement or repulsion effect described by Kóhler and 
Wallach (1944) is a repulsion of the contour of the test figure by the 
contour of the inspection figure that surrounds it. According to the so- 
called distance paradox, this repulsion (an apparent shrinkage of the 
test figure if the stimuli are concentric circles) should be less very 
close to the inspection contour and should increase until a certain 
interfigural distance is reached, beyond which the magnitude of dis- 
placement is expected to decrease again. 

On the whole, this is what Ganz and other investigators have found. 
Figure 1 graphs this general relationship in the lower right quadrant, 
showing how the shrinkage of the test circle is less when the inspection 
and test figures’ contours are very close (at the broken vertical line, 
they are identical) and then increases until a certain interfigural dis- 
tance is reached, when the shrinkage of the test circle then begins to 
decrease. 

But Ganz also found that at a very small interfigural distance, of 
0—10 min of arc of visual angle between the square and the line he 
was using as inspection and test figures, the amount of displacement 
became ‘negative’ and there was an ‘attraction’ instead of a repulsion 
of the contours of inspection and test figures. This he interpreted as an 
instance of the finding, known since the work of Kéhler and Wallach 
(1944) and illustrated at the intersection of the broken vertical and 
horizontal lines in Figure 1, that the test circle appears to shrink wi 
congruent inspection and test circles. When these figures are closed. 
wrote Ganz, this too is an ‘attraction effect, and he cited Oyama 
(1954) and Yoshida (1952, 1953), who had found similar results using 
closed circles (see Ganz, 1964; Ganz and Day, 1965, p. 359). 

In the opinion of Ganz and Day, the ‘attraction effect’ was extremely 
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Fig. 1. Figural aftereffects as a function of the ratio of inspection-fi e 
size (from .5 through 3.0) to test-figure size (1), the ratio also serving here 
as a measure of interfigural distance; the intersection of the broken vertical 
and horizontal lines indicates physical equality of size of congruent in- 
spection and test circles, shrinkage to the right of the vertical line showing 
the repulsion effect and shrinkage at the line and to its left showing what 
Ganz termed the ‘attraction effect’ (illustration after Sagara and Oyama, 
1957; Graham, 1965, p. 555) 


damaging to the satiation or fatigue theories because it strikes at their 
core assumptions that the displacement of contours is away from sat- 
iated or fatigued areas of retinal stimulation. And actually, the 
satiation or fatigue theories could not account for the ‘attraction effect 
Ganz found, nor do they seem to explain the apparent shrinkage of a 
test circle the same size as the inspection circle. However, before those 
theories are declared false, it must be asked whether Ganz interpreted 
his experimental findings in an appropriate manner Or whether his 
findings could be mere artifacts—specifically, artifacts of considering 
the physical size and position of the inspection figure as identical with 
its phenomenal size and position, as Ganz did.’ s 
In contrast to Ganz’s ‘attraction’ of the test figure by the inspection 
figure's contours, it seems plausible to think of a phenomenal alteration 
of the inspection figure during its inspection. Closed inspection figures 
like circles or squares might thus suffer a phenomenal enlargement, 
just as curved lines are perceived to be less curved after some time of 
inspection (Gibson, 1933); such findings are predicted by Kóhler's 
satiation theory, as the result of ‘self-satiation.’ If this phenomenal en- 
largement of, say, a circle did take place during inspection, then a 
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test circle that was objectively the same size as, or even a little bit 
greater than, the inspection figure preceding it (that is, when the 
ratio of size of inspection to test figure was that at the broken vertical 
line, or just left of it, in Figure 1), that test circle could be seen as 
lying within the contour of the inspection figure and the repulsion 
effect (the shrinkage of the test circle) would be expected. In this way, 
the test circle would indeed be phenomenally diminished, as Figure 1 
shows, but its contour would be being pushed away from the contour 
of the inspection figure—not toward it as Ganz's interpretation held and 
as one might expect from the objective size of both circles when the 
test circle was slightly larger. Likewise, in Ganz's experiments, the 
test line at a small interfigural distance would have been falling within 
the contour of the inspection square if that square had been phenomen- 
ally enlarged during the inspection period. 

Thus, our first hypothesis was that closed figures suffer a phenomenal 
enlargement during the inspection period and that the amount of this 
enlargement is of the same size as the range in which contour 'attrac- 
tion’ has been found, specifically, between 0 and 10 min of arc in 
interfigural distance. If this hypothesis were confirmed, the ‘attraction 
effect’ could be explained as a misinterpretation of experimental find- 
ings—explained, that is, in terms not of the physical sizes of inspection 
and test figures but of the influence of the phenomenal size of the 
inspection figure on the phenomenal size of the test figure. This hy- 
pothesis of phenomenal enlargement as a causal variable is not part of 
the satiation or fatigue theories, but it seems necessary to describe the 
effects that have been obtained. Ganz himself implicitly recognized this 
need when he remarked that “under both normal and stabilized view- 
ing conditions, it was sometimes observed that the test line appeared 
within the confines of the afterimage, although ostensibly it was placed 
by the experimenter at a small interfigural distance outside that 
figure" (1966b, p. 157). 

Experiments to prove the hypothesis of phenomenal enlargement 
during the inspection period were carried out and have already been 
published (Erke, 1967; Erke and Stadler, 1967; Stadler and Erke, 
1968). In these studies, the inspection circles were shown for both 
short (50—500 msec) and longer (up to 3 min) inspection periods. The 
subjects judged the apparent size of the inspection circle against a 
comparison circle exposed for 50 msec on the other side of the fixation 
point. An illustration of the results for one subject with a short ex 
posure time is given in Figure 2. For all subjects, the phenomena 
enlargement of the inspection figure amounted to 5.1 to 11.7 min 0 
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arc during the first 500 msec. This may be a demonstration of a 
phenomenon that has been well known for a long time: the gamma 
movement (Kenkel, 1913; Lindemann, 1922; see also Kóhler, 1965). 

The hypothesis that closed figures suffer a phenomenal enlargement 
during the inspection period can thus be considered confirmed. This 
enlargement levels off after 300 msec, as further experiments have 
shown (Stadler and Erke, 1968; see also Figure 2). The ‘attraction 
effect’ Ganz found can consequently be explained as a repulsion effect 
of the phenomenal size of the inspection figure on the phenomenal 
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Fig. 2. Phenomenal enlargement of a circle during the inspection period 


representation of the test figure, as Figure 3 shows. Thus Ganz’s main 
argument against the satiation or fatigue theories is invalidated. 
Indeed, if the repulsion effect did reverse into an ‘attraction’ effect 
in the area very close to both sides of an inspection figure, as Ganz 
supposes, the empirical curves in Figure 1 ought to have a different 
shape, But the shape of those curves shows that his ‘attraction effect 
is taking place only on the outside of the inspection figure, namely, 
when the test circle is seen to shrink when it is objectively larger than 
the inspection circle (just to the left of the broken vertical line). When 
the test circle is seen to shrink when it is smaller than the inspection 
circle (just to the right of the broken vertical line), this is a repulsion 
effect, of course. Furthermore, even this one-sided ‘attraction effect 
becomes a repulsion effect by moving the broken vertical line that 
indicates physical equality of size of inspection and test figures (or 
equivalently here, indicates no interfigural distance) a few marks to 
the left in Figure 1, thereby adjusting the ratio of size of inspection to 
test figure to the ratio of their perceived sizes (or perceived inter- 
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Fig. 3. Schematic interpretation of Ganz’s ‘attraction effect’; the letter I 
represents the figure at the beginning of the inspection period, the I’ 
represents the same figure at the end of that eriod, and the arrows show 
the direction of displacement. It can be seen fiat a closed test figure lying 
at a small distance outside the original closed inspection figure (I) wi 
be displaced to the center by the phenomenally enlarged inspection figure 
(I^); circles rather than squares could also have been used here (illustra- 
tion after Erke and Stadler, 1967, p. 327). 


figural distance), a modification that seems justified by our findings of 
an enlargement of figures during the inspection period. 

It might be noted here that the results of Ikeda and Obonai (1953) 
and Duncan (1960), who wanted to ascertain changes in the size 
of figures with ‘self-satiation, point in the opposite direction: there 
was an apparent shrinkage of figures during the inspection period. Al- 
though these results are contrary to ours, they are not very astonish- 
ing because the exposure time of the comparison figures was not 
controlled. Duncan even quotes an exposure time of 4 sec for those 
comparison figures, during which time they would probably undergo 
a change similar to that of the inspection figures. That would produce 
an entirely different measurement than the ones we cite. 


OPTICAL ILLUSIONS AND AFTERIMAGES 


The mechanism that bridges the time gap between the presence of 
the inspection figure and the presence of the test figure in the figural 
aftereffect situation is, according to Ganz, the afterimage of the in 
spection figure. The aftereffect is consequently (Ganz assumes) an 
optical illusion between the test figure and that afterimage of the 
inspection figure. Although Ganz's argument does not rest on ^ eport- 
able afterimages, his assumption seems to raise several problems. 
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Length of inspection period 


First of all, figural aftereffects have been clearly demonstrated after 
very short inspection times (Farné, 1965) that produced afterimages 
lasting for a very short time only; in one of our experiments such 
afterimages of inspection figures exposed for less than 500 msec were 
visible for 100-200 msec at most. Figural aftereffects have also been 
shown to occur after very long pauses (up to 60 min) between in- 
spection and test periods, during which pauses the afterimages must 
have soon disappeared (Hetherington, Pick, and Koski, 1964). After- 
images do, we might note, last over 30 min with the method of 
stabilized retinal images (Barlow and Sparrock, 1964), but those 
afterimages must be stronger than the ones produced with normal 
nonstabilized fixation, as in the experiments by Farné and Hether- 
ington et al. 


Intensity of inspection figure 


The second difficulty with Ganz's afterimage assumption is that if 
figural aftereffects are induced by afterimages, it follows that the mag- 
nitude of the aftereffects should depend on the intensity of the in- 
spection figures. Ganz (1966b) does quote a series of authors who 
have shown that inducing figures of high contrast result in figural 
aftereffects of greater magnitude (Nozawa, 1953; Yoshida, 1955, 1960; 
Sagara and Oyama, 1957; Pollack, 1958; Graham, 1961). But this 
problem has not yet been settled, since other authors have not been 
able to ascertain any noticeable difference of magnitude between the 
figural aftereffects produced by differences in contrast (Walthall, 1946; 
Freebume and Hamilton, 1949; Oyama, 1960; see also Malhotra, 1966). 


‘Interpretation’ of inspection figure 


Third, how can Ganz's theory account for the fact that figural after- 
effects are produced by perceptual structures that leave no after- 
images—for the fact that the effects of attitude and of figure inter- 
pretation, for example, cause considerable differences in magnitude 
of the figural aftereffects, as has been shown by Story (1959), Weitz- 
man (1963, 1966), Willems (1967), and Erke and Schulte (1968 ) 
under different experimental arrangements? A similar instance from 
another recent experiment (Stadler, 1969) is shown in Figure 4. 

In the left half of Figure 4, the two test parallels are shown on the 
space between the two preceding inspection figures; in the right half 
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of Figure 4, they are shown at the center of the area that had been 
occupied by what seemed to be a single inspection figure (a vase on 
its side) whose middle was masked by a screen. In the latter case, we 


TUE 


Fig. 4. Control (left pe and experimental (right panel) displays pro- 
ducing figural aftereffects without afterimages but with amodally com- 
pleted contours (from Stadler, 1969, p. 28) 


found, the test parallels were affected by the so-called amodally com- 
pleted contours, the contours present whenever subjects are describing 
complete structures even though the corresponding physical (distal 
stimulus) conditions show incomplete structures (Michotte and Burke, 
1951; Michotte, Thinés, and Crabbé, 1966). The figural aftereffect 
with the experimental display shown in the right panel of Figure s 
accorded with the Ponzo illusion, in that the test parallels were per 
ceived to converge to the right. This aftereffect was greater by.35 mm, 
a very significant difference, than that with the display shown in the 
left panel of Figure 4. 

An even clearer instance, this time of visible (not masked) i 
tours without any counterpart in the physical stimulus condition, 15 
represented by the so-called virtual contours (Kanizsa, 1955). In 
Figure 5, it can easily be seen that the slight, but sharply separated, 
apparent contours between the black disks do not produce an after- 
image when one fixates the whole figure for a while. Farnè (1968) 
and Stadler and Dieker (1969, 1972) proved independently that 
aftereffects are induced by such virtual contours, a result that cannot 


con- 
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be reduced to an effect of the physical (distal stimulus) condition. 
Farné (1970) has already pointed out the difficulties that this finding 


poses for Ganz's theory. 


Fig. 5. Display producing figural aftereffects without afterimages but with 
virtual contours (from Kanizsa, 1955, p. 16) 


Visibility of afterimage 


There is yet a fourth difficulty with Ganz's theory. Until now, Ganz 
could eventually answer the objections outlined above by saying that 
his theory required no visible afterimages to evoke the figural after- 
effects—only a process of light adaptation on some level of the visual 
system. He assumed, in other words, that subliminal differences in 
brightness suffice in themselves for figural aftereffects. The evidence, 
however, suggests that those differences in brightness must be repre- 
sented phenomenally (must be above threshold). As Hochberg, Day, 
and Hardy (1960) observed, figural aftereffects seem to occur only 
if the inspection contour is—if just barely—noticeable. It seemed worth- 
while to study this problem a bit more closely. To begin with, we car- 
tied out two preliminary experiments. : 

In the first, the hypothesis that figural aftereffects can be induced 
by subliminal inspection figures was tested. The inspection figure 
Was a photograph of a gray circle, 4 cm in diameter, on a gray back- 
ground. Contrast between circle and ground was so low that the circle 
could not be noticed during a 5-sec tachistoscopic exposure. For the 
Seven subjects tested, this subliminal inspection figure did not produce 
any significant figural aftereffects on test circles that were greater 
(5 cm) or smaller (3 cm) than it; see Table 1. We must concede os 
it was not possible to prove whether our stimuli did affect the visual 
system at all, For that reason, the outcome of this experiment is difficult 
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to interpret; but in connection with the outcomes of the two next 
experiments, which were performed under the same general conditions, 
it is suggestive. 


Table 1. Figural aftereffects (FAE, shown in mm) induced by a subliminal 
4-cm inspection circle on two test figures; PSE, and PSE, respectively 
represent the points of subjective equality with and without the inspection 
figure, so that PSE, — PSE, — FAE 


5-cm test circle 3-cm test circle 
Subject PSE; PSE, FAE PSE, PSE, FAE 
A 48.6 48.4 2 28.3 28.6 -3 
B 513 51.3 0 29.8 29.7 1 
[e 49.0 48.5 5 29.1 29.8 si 
D 49.0 49.1 5l 28.8 29.3 -5 
E 49.6 50.7 LI 29.3 29.3 0 
F 49.8 49.8 0 29.2 29.0 2 
G 50.3 51.1 = 8 29.4 28.8 6 
Mean -2 =a. 
t test p> .10 p> 50 


Note: Both test circles were viewed for 100 msec; the inspection figure 
was presented for 5 sec. Positive numbers show expected shrinkage of the 
test circle; negative numbers show a growth of the test circle. 


In the second preliminary experiment, the hypothesis that figural 
aftereffects are induced by ‘inspection’ figures that are only imagined 
was tested. A white surface with a fixation point in the middle (see 
the dot in Figure 6) was exposed tachistoscopically to 11 subjects 
who were instructed to hold strong fixation and to imagine a circle 
the size of a five-mark piece (2.9 cm in diameter) to the left of the 
fixation point (at the small cross in Figure 6). Centered on exactly 
the same cross one of the two test circles was then exposed after the 
5-sec inspection period, so that if the subjects had projected their 
imagined circle in the right place, the test circle must have been sur- 
rounded by its imagined contour. The subjects were not allowed to see 
a five-mark piece before or during the experiment, even if they wishe 
to. This experimental condition was preceded and followed by contro 
conditions exactly like it but without the instruction to imagine the 
circle. The mean of the values of these two control conditions is plotted 
in Table 2 under PSE). The outcome shows significant figural after- 
effects (shrinkage of the test circle) in the experimental condition. 
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Fig. 6. Experimental arrangement producing figural aftereffects without 
afterimages but with ra ei contours; broken circle is where imagined 
figure was to be projected, solid circles are the test figures (one for com- 
parison) 


Table 2. Figural aftereffects (FAE, shown in mm) induced by an imagined 
2.9-cm inspection circle on a test figure; PSE; and PSE, respectively repre- 
sent the points of subjective equality with and without the inspection 
figure, so that PSE, — PSE, — FAE 


1.5-cm test circle 


Subject PSE, PSE; FAE 
A 15.1 12.7 2.4 
B 15.8 145 13 
G 15.3 14.7 6 
D 15.0 15.7 Sth 
E 14.6 14.2 4 
F 15.5 15.4 2 
G 14.9 145 4 
H 145 143 2 
I 16.9 16.4 5 
f 16.3 144 a 
16.2 154 : 
Mean X 
t test (one-tailed) pco 


Note: Each test figure was viewed for 100 msec; the inspection figure jen 
imagined for 3 sec. Positive numbers show shrinkage of the test circle, the 


expected figural aftereffect; negative numbers show a growth of the test 


circle. 


The two experiments just briefly outlined show, first of all, that 
inspection figures which were given in the stimulus condition but 
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were not presented phenomenally (were subliminal) did not induce 
any figural aftereffects. On the other hand, 'inspection' figures which 
were not given in the distal and proximal stimulus condition but were 
only phenomenally represented. ( were imagined) did induce figural 
aftereffects. 

This led us to an experiment in which the transition from non- 
perceived to perceived figures was examined, by the method of con- 
stant stimuli, to see what the effect of that transition might be on any 
figural aftereffects the figures produced (Stadler and Müskens, 1972). 
We tachistoscopically exposed a circle with a 4-cm diameter for in- 
spection periods of 1, 2, 4, 8, 16, 32, 64, 128, and 256 msec. Without 
pause, this inspection circle was followed by one test circle with a 
3-cm diameter and one comparison circle with approximately a 3-cm 
diameter, the seven steps (from 27 to 33 mm) of variation in its size 
being presented six times each in random order. The nine subjects 
did not know whether an inspection figure was to be expected or not 
on any given trial. Then, after each individual trial, each subject was 
asked whether or not he had perceived the inspection figure. Figure 7 
shows the percentage of subjects reporting an aftereffect (here, shrink- 
age) and the percentage of individual trials on which they reported 
that they had seen the inspection figure. The two resulting curves 
obviously agree well with one another. 
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Fig. 7. Figural aftereffects and perception of the inspection figure as func- 
tions of the length of the inspection period 


In words, Figure 7 shows that as long as no inspection figure was 
perceived, there was no figural aftereffect, that is, no perceived shrink- 
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age of the test figure; not until the percentage of inspection figures that 
were perceived had increased did figural aftereffects differing from 
null appear; and when the percentage of inspection figures perceived 
(as reported by all subjects) rose to 100%, then all of the subjects 
reported figural aftereffects. The correlation coefficients between the 
two variables, magnitude of figural aftereffect and percentage of 
judgments ‘inspection figure seen,’ were calculated independently 
for the inspection periods of 8, 16, 32, 64, and 128 msec. (At the 
inspection periods of 1, 2, 4, and 256 msec, the two variables did not 
differ between subjects; we found only values of 0% or 100% for 
‘inspection figure seen.’) The resulting five correlations of .73, .85, 
.60, .94, and .33 were statistically homogeneous (X = 69, df = 4), 
so it can be concluded that the two phenomenal variables are highly 
related independently of the stimulus variable of length of inspection 
period. It can therefore be said that figural aftereffects occur to the 
same extent that the inspection figure is (phenomenally ) perceived 
by the subjects. This result is in accordance with the findings that 
virtual contours, amodally completed contours, and even imagined 
contours do produce significant figural aftereffects, even though those 
contours are only phenomenally represented (are not given in the 
objective stimulus condition) and even though they do not produce 
any afterimage (apart from the solitary findings of Downey, 1901). 

In sum, our experiments showed that figural aftereffects are strictly 
bound to phenomenally represented inspection contours. Subliminal 
contours will not produce the aftereffects, but imagined contours will. 


Locus of stimulation by inspection figure 


It would be extremely damaging for Ganz’s theory if it were found 
that the occurrence of figural aftereffects is determined not by the 
locus of retinal stimulation, the point upon which the inspection figure 
is projected, but by the position of that figure in phenomenal space. 
This is so because it is well known that afterimages are stringently 
restricted to the retinal area stimulated by the inducing stimulus. 

Our experimental arrangement was to expose an inspection circle 
(I; top panel, Figure 8) in the middle of the tachistoscopic field; to 
the right, at the dot, was the fixation point. A 5-sec inspection period 
was followed by a 500-msec pause. The subjects were instructed then 
(middle panel, Figure 8) to turn their eyes to fixate another fixation 
point left of the middle, and the first couple of test circles ( T; and Ta) 
was exposed, T, at the same retinal position and T, at the same 
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egocentric position as the inspection figure. These test figures re- 
mained visible for 500 msec until a new pause of 500 msec, during 
which (bottom panel, Figure 8) the subjects turned their eyes back 
to the right where the fixation point of the second couple of test 
circles (T, and T,) was located, these test figures also being visible 


Sas 
ome 


Fig. 8. Experimental arrangement producing figural aftereffects independent 
of locus of retinal stimulation; the inspection figure (I) and two pairs of 
test circles (T, and T,; T, and T,) were shown successively with change 
in fixation point (small dots); the arrows show which circle fell into the 
retinal area previously affected by the inspection circle 


for 500 msec. After this sequence, the subjects made their judgments 


for the first and the second couple of test couples successively. 

The results showed no effect of whether the subjects judged the 
right test circles (T,, T,) with regard to the left (T; T;) or judged 
the outside circles (T,, T,) with regard to the inside circles (Ta T); 
and the data from the two groups were averaged ( PSE;). Also, contro 
conditions without the inspection figure were carried out (PSE,). 
Table 3 shows the outcome for our ten subjects. The T; circle was 
perceived as reduced about .28 mm on the average, and T; as reduce 
about .18 mm on the average. The lesser figural aftereffect at Ts eer 
explained as an effect of the longer pause (1.5 sec) between S 
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end of the inspection period and this particular judgment. 


Table 3. Figural aftereffects (FAE, shown in mm) dependent on 
nomental location of an inspection circle for two of four test figures; Ed en 
PSE, respectively represent the points of subjective equality with and 
without the inspection figure, so that PSE, — PSE, * FAE 


Test circles T, and T, Test circles T, and T, 
FAE found for T, FAE found for T, 
Subject PSE, PSE, FAE PSE, PSE, FAE 
A 25.83 25.17 66 24.75 24.33 42 
B 24.83 24.75 .08 25.25 2542 -.17 
c 25.25 25.00 25 24.75 24.83 —.08 
D 25.25 2533 —.08 24.92 24.75 17 
E 24.75 24.33 A2 25.67 25.17 
F 24.00 23.75 25 25.75 25.75 00 
G 24.83 24.15 .08 24.83 24.33 50 
H 25.58 25.00 58 25.33 9550 —17 
1 24.42 23.83 59 25.42 25.17 5 
K 2458 24.58  .00 2500 2467 33 
Mean .28 8 
t test (one-tailed) p<.0l p< .05 


Note: Each pair of test circles (T, and T,; T; and T,) was viewed for 500 
msec; the inspection figure was exposed for 5 sec. Positive numbers show 
expected shrinkage of test figure; negative numbers show its enlargement. 


The very important result is the first demonstration that only the 
test figure that has the same locus in phenomenal space (egocentric 
localization) as the inspection figure suffers figural aftereffects induced 
by that inspection figure. If retinal coordinates alone were relevant 
for figural aftereffects, then both of the test figures in Figure 8 that 
are marked with arrows (T, and T;) should have endured figural 
aftereffects—should have diminished. In other words, it is the absolute 
(egocentric) and not the relative (retinal) localization that is de- 
cisive for figural aftereffects.? At T, the egocentric and the retinal 
localization are equivalent, as they have been in all previous experi- 
ments; at T, and T, the egocentric and the retinal localization are, 
however, different according to the preceding change of fixation. 

In sum, this experiment showed that under certain conditions figural 
aftereffects occur in places where no afterimage of the inspection figure 
is situated, For a more detailed description of this experimental ar- 
rangement and further results, see Crabus and Stadler, 1971. 


LATERAL INHIBITION 


Ganz's explanation of figural aftereffects as a function of lateral 
inhibition (see the discussions by Day, 1962, and Deutsch, 1964) seems 
very elementary and plausible if one grants that those aftereffects are 
induced by the afterimage of the inspection contours. That is to say, 
there must be two adjacent simultaneous neural processes to make 
lateral inhibition at all effective. This explanation varies from those 
of Kóhler and Wallach (1944) and Osgood and Heyer (1952), who 
introduced the concepts of satiation or fatigue to explain how it is 
that the effectiveness of the inspection figure's contour outlasts its 
presentation. 

The mechanism of lateral inhibition as based on the organization 
of the receptive fields of the visual system can be regarded as very 
well corroborated (Hartline, 1940; Kuffler, 1953; Hubel and Wiesel, 
1959; Ratliff, 1965). The importance of this mechanism as a physiologi- 
cal correlate of perceptual phenomena has been sufficiently demon- 
strated (Jung, 1961; Spillmann, 1963). 

It is, however, questionable whether lateral inhibition in the first 
postretinal layers can be taken as the only physiological basis for the 
explanation of perceptual phenomena as complex as figural after- 
effects or optical illusions. This is so because lateral inhibition is a 
form of stimulus processing whose functional entities extend over 
relatively small areas in the nervous system. Indeed, as Ganz himself 
notes (1966a), with reference to an investigation of Leibowitz, Mote, 
and Thurlow (1953), “most of the [so-called] inhibition occurs within 
the initial 10 min of arc [interfigural distance on the fovea] whether 
the inducing stimulus is strong or weak.” But according to Baum- 
gartner (1960), the receptive fields—the area in which lateral inhibi- 
tion can occur—have a diameter of .025 mm in the foveal region 
of the human retina. This corresponds to only 5 min of arc there on 
the fovea, a more limited range of efficacy of lateral inhibition than 
that which Ganz posits. 

We designed an experiment to test Ganz’s hypothesis that figural 
aftereffects depend on lateral inhibition. Our method was by means 
of variation of sizes of inspection figures in the periphery of the retina, 
where, according to Kornhuber and Spillmann (1964), the receptive 
fields for lateral inhibition are somewhat greater, extending to 1-2 deg 
of arc. Three different sizes of inspection figure were used: 3 cm, 
which subtended 72 min of arc there on the periphery; 9 cm, sub- 
tending 3 deg 36 min; and 15 cm, subtending 6 deg of arc. 
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The ratios of inspection to test figure were 1:2, 1:15, 1:1, 1:75, and 
1:5, so that the size of the smallest (1.5-cm) test circle was 36 min 
of arc in diameter, that of the greatest (30-cm) test circle 12 deg in 
diameter. The ratios indicate the figural aftereffects that would be ex- 
pected: with the inspection circle larger than the test circle (1:75 
and 1:.5), the aftereffect would be shrinkage of the test circle; with 
the test circle larger than the inspection circle (1:2 and 1:15), the 
aftereffect would be growth of the test circle; with the inspection and 
test circles the same size (1:1), we would have the special case dis- 
cussed earlier in this paper. 

The thickness of the line was 1 mm for all figures, and all were 
shown on a translucent screen by means of two diapositive pro- 
jectors from a distance of 190 cm. Each of the seven subjects sat on 
the other side of the screen from the projectors, 145 cm away from it. 
With the fixation point in the middle of the screen, the inspection and 
test circles were exposed in the periphery (at between 20 and 60 deg 
from the line of vision). The interfigural distance between inspection 
and test contours themselves ranged from 9 min of arc for the 3-cm 
(72 min) inspection circle with a 2,25-cm (54 min) test circle, to 
3 deg for the 15-cm (6 deg) inspection circle with a 30-cm (12 deg) 
test circle. 

Thus, the variation of inspection-figure and test-figure size covered 
and extended beyond the range of interfigural distance for which, 
according to Kornhuber and Spillmann (1964), there are receptive 
fields for lateral inhibition in the retinal periphery, namely, the range 
of between 1 and 2 deg of visual angle. Beyond this range, the effect 
of lateral inhibition in the postretinal layers should be limited and 
thus, by Ganz's theory, produce a reduction or a complete disap- 
pearance of figural aftereffects. 

Figure 9 shows our results. For all interfigural distances, the after- 
effects were as expected (whether shrinkage or growth of the in- 
spection circle, depending on the ratio of inspection-figure to test- 
figure size), namely, the smaller aftereffects with smaller interfigural 
distances as postulated by the distance paradox. There was no sig- 
nificant decrease in magnitude, nor any disappearance, of the growth 
aftereffects in the range between 1 and 2 deg of visual angle—nor, 
contrary to the prediction from Ganz’s theory, beyond 2 deg. Inter- 
estingly also, the effect (here, shrinkage) was least when inspection 
and test figures were the same size; that is, when the ratio of their 
sizes was 1:1, which is,as Kohler and Wallach (1944) stressed, a 
special condition in the figural-aftereffect experiment, a condition dis- 
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cussed at some length in the section above on the ‘attraction effect. 
In sum, our experiment showed that the figural aftereffects (growth) 
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Fig. 9. Figural aftereffects as a function of interfigural distance (in degrees 
of visual angle) between inspection figure and test figure; the five points 
on each of the three curves (representing three sizes of inspection circle) 
show, beginning at the upper right of each curve, the values of the fi 
aftereffects for these ratios of inspection-figure size to test-figure size: 1:2, 
1:1.5, 1:1, 1:.75, and 1:.5 


did not diminish or completely disappear in or beyond the range of 
1-2 deg of visual angle of interfigural distance. Beyond that die 
where Ganz’s theory would predict the effect of lateral inhibition an 

thus the aftereffects to diminish, we found instead figural aftereffects 
of constant magnitude. 


CONCLUSIONS 


We were able to show, with the help of some new experiments, that 
Ganzs main objection to the satiation or fatigue theories of ien 
aftereffects does not, after all, apply. Instead, the ‘attraction e Fi 
he described (Ganz and Day, 1965) can be explained under the spec 
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conditions of their experiment as an artifact of figural dynamics during 
the inspection period. 

We then tested the basic assumptions of Ganz's own theory. It was 
found that figural aftereffects do not exclusively result from inspection 
figures that produce afterimages but also occur with inspection figures 
that arise on a very high level in the visual system and have no 
counterpart in the proximal or distal stimulus. Indeed, so-called virtual 
contours, amodally completed contours (according to Metzger, 1966, 
a paradox of the physiology of stimulation), and even imagined ‘in- 
spection’ figures evoked aftereffects on their successive test figures. 
Thus, the hypothesis that figural aftereffects are simultaneous optical 
illusions of the test figure with the afterimage of the inspection figure 
can no longer be supported. Moreover, it seems that the aftereffects 
occur only when an inspection figure is consciously perceived; a 
subliminal inspection figure does not induce them. 

It was also found that the occurrence of figural aftereffects is not 
necessarily bound to the retinal locus of the inspection figure. On the 
contrary, those aftereffects occurred. where the inspection figure was 
located in phenomenal space independent of its position on the 
retina. In other words, egocentric localization, and not retinal lo- 
calization, is the decisive factor. This fact has been neglected in 
previous experiments, perhaps because in the usual situation egocentric 
and retinal localization are identical Only by means of a change of 
fixation in the pause between inspection and test periods can the 
difference between egocentric and retinal localization be demon- 
strated. 

These experiments are evidence not only against Ganz's theory but 
also against all theories which suppose that figural aftereffects start 
from the retina; the theory of Motokawa, Nakagawa, and Kohota 
(1957), which is based on the mechanism of retinal induction, is but 
one example. Instead, our experiments suggest that the process un- 
derlying figural aftereffects takes place on a level of the visual system 
where eye movements have already been compensated for, so that 
phenomenal constancy of direction is present. This suggestion gains 
support from the findings that figural aftereffects are induced by D 
contours (as well as by ‘real’ contours given in the distal sud P. 
condition), since virtual contours do not arise from stimuli on the 
retina but are the result of the processing of the stimulus information 
in the visual system. : 

The experiments described in this paper do not tell us anything 
about the connection between optical illusions and figural after- 


370 STADLER 


effects, however. Many discussions can be found in the literature on 
this topic (Ikeda and Obonai, 1955; Rausch, 1966; Adam, 1966, 
Dreistadt, 1968). Some authors (Robinson, 1968; Wagner, 1968) hold 
that Ganz's theory accounts only for certain ‘distortions’ such as the 
Poggendorf, Zöllner, and Orbison figures, whereas figural after- 
effects are more akin to some phenomena of the other group, the ‘illu- 
sions proper’ such as the Ponzo and Müller-Lyer figures. 

Thus, the main question with which Ganz's theory attempted to 
deal—the question of the connection between figural aftereffects and 
optical illusions—still presents many unsolved problems. But since 
Ganz's attempt to bridge the gap between inspection and test period 
with the help of the afterimage of the inspection figure seems to us 
no adequate solution, we hold that it is justified to continue using 
‘satiation’ as a construct, delaying its replacement by a specific physi- 
ological process or mechanism (say, the ‘field processes’ of Kohler) 
until more physiological evidence can be quoted. 

Indeed, it might even turn out that the ‘satiation process’ is not the 
direct physiological basis for figural aftereffects but rather triggers 
a specific interaction with the processing of the test contours when 
that test figure appears, an interaction in which lateral inhibition might 
be important (Stadler, 1968). If that were so, the difference between 
optical illusions and figural aftereffects might then be that with illu- 
sions there is a direct interaction of the processing of contours, whereas 
with aftereffects the processing of the contours of the inspection figure 
can influence the processing of the contours of the test figure only by 
interposition of a satiation pattern—a one-sided directive effect. 

But if lateral inhibition plays an important role in the formation of 
optical illusions and figural aftereffects, then this formation cannot 
occur on the retinal level. As our last experiment showed, the oc 
currence of figural aftereffects is not limited to the area of efficacy 
of lateral inhibition, namely, to the range of 1-2 deg on the retinal 
periphery. On the contrary, the magnitude of figural aftereffects re- 
mained constant with increasing interfigural distance beyond this 
range. Yet perhaps on higher levels of the visual system, the operation 
of lateral inhibition may have another dimension. Hubel and Wiesel 
(1962) specify the size of cortical receptive fields of the cat as 4-10 
deg, the sort of finding that if extended to humans might explain the 
displacement effect of simultaneous and successive presentation. 
would also agree with the conclusion, drawn from the experimenta 
findings cited above, that figural aftereffects can arise only ona higher 
level of the visual system, not on the retina. 
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Notes 


This study was supported by many collaborators to whom the author 
thanks: to Erika Detering, Ulrich Holtmann, Werner Müskens, and 
Gudrun Raschen; as well as to Daniel O'Connell and Falk for their 
translation into English and much useful advice. Professor Si ^s 
address is at the Psychologisches Institut der Universitàt Münster, 
strasse 9, 44 Münster, Western Germany. Revision received for publica- 
tion July 28, 1971. 

l. The distinction between physical size (shape, pes ete.) and 
phenomenal size (shape, position, etc.) introduces a of a funda- 
mental kind: the difference betwen the physical object as represented ín a 
theoretical language or operationalized by measurement, and the 
nomenal object as represented in the phenomenal world of the indi 
Thus, to a single physical or transphenomenal world correspond the always 
different phenomenal worlds of different individuals (see Brandt and 
Metzger, 1969; Metzger, 1970). Because of this com) lexity, three steps of 
stimulus processing must be differentiated (see Kolika, 1935): the first 
has to do with the distal stimulus, of which an object emitting electro- 
magnetic light waves would be an example; the second step concems the 
proximal stimulus, such as the distribution of light energy on the retina 
caused by those light waves; and the third is wi the phenomenal e 
say, the perceived sheet of paper. The distinction between these 
successive steps of stimulus processing must be kept in mind to recognize 
the importance of the findings presented in pees 

2. Further research has shown that figural aftereffects can be divided into 
peripheral (retinal) and central (egocentric) effects, which under the 
usual figural-aftereffect conditions work in the same direction (Crabus and 
Stadler, 1971; Stadler and Crabus, 1972). 
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FACTORS AFFECTING MEMORY SPAN IN 
BINARY AND OCTAL RESPONDING 


Louis Buffardi 
Kansas State University 


The stimuli were 24 two-alternative elements presented ungrouped, with 
pauses (temporal grouping), or to different senses (modality grouping), or 
in a combination grouping. With binary responding, the subjects’ recall of the 
elements was best when there was no stimulus grouping of any kind; with 
octal responding, when stimulus uping was by threes. effects of 
stimulus-stimulus compatibility, of rate presentation, and of modality 
are also considered. 


Miller (1956) has reviewed a large body of literature showing that 
memory span has a fixed capacity of about seven elements—digits, 
letters, or words, Since the amount of information contained in the 
individual elements of the test material does not affect memory span, 
more total information can be retained by increasing the amount of 
information per element. This regrouping process is known as 
‘chunking.’ 

Chunking may be brought about by stimulus grouping or by re- 
sponse grouping. Physicall uping (by time, space, or sense mo- 
dality) the prid in ee is termed ‘stimulus grouping.’ In- 
structing the subject to mentally group the stimuli himself is termed 
“response grouping.’ This distinction between stimulus and response 
grouping is one of experimental procedure; no inferences should be 
drawn with regard to the point in cognition at which the subject 
actually recodes the stimuli. Furthermore, whether chunking in fact 
aids performance is a function of at least the method of stimulus or 
Tesponse grouping, the presentation rate of the elements, and the com- 
patibility among these factors. 

With respect to the method of stimulus grouping, it has been shown 
that a temporal grouping, by inserting pauses between stimuli, aids 
memory for sequential presentation of two-alternative elements (Pol- 
lack and Johnson, 1965; Parkman and Gregg, 1969). But Klemmer 
(1964) found that a spatial grouping of simultaneously flashed stimulus 
lights did not improve performance. And Ryan (1969) compared 
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temporal grouping (inserting pauses) to nontemporal grouping (it 
serting brief tones) in the auditory presentation of digit sequences, 
Temporal grouping of these stimuli significantly reduced errors, but 
nontemporal grouping was only slightly superior to ungrouped pre- 
sentation. Thus, different methods of stimulus grouping vary in their 


proach is simply to instruct the subject to rehearse the stimuli by 
twos, threes, or so on; no transformation of the stimuli is suggested. 
Parkman and Gregg (1969) found that subjects who had not reoeí 
any grouping instruction took nearly twice as many trials to leam 
sequence of two-alternative elements than did subjects who wert 
given informal instruction. Similarly, Ryan (1969) found fewer 
with informal instruction than with no instruction. 

The second response-grouping method is to give instructions ina 
formal coding system. Here the subject is instructed to transton 
the stimuli (usually binary digits) into a shortened notation, such 
an octal code (Pollack and Johnson, 1965; Klemmer, 1964). In 
unpublished study cited by Miller (1956), Smith used an octal-recod- 
ing procedure and found that memory span for the digits tripled. 
when employed separately, both stimulus and response grouping may 
aid performance. 

The rate of presentation is also a factor. In general, rapid presenta: 
tion impairs performance in memory span and learning experiment 
This is especially characteristic of studies involving a formal respons 
grouping code. A transformation (from binary digits to octal coding 
for example) takes time. Unless there is enough time to make th 
transformation, coding cannot aid performance. Pollack and Johnso 
found that at a fast presentation rate (2.8 elements/sec) there Wi 
little improvement in memory span after octal-coding instructo 
although there was a large improvement at the slow presentate 
rate (.7 elements/sec). 1 

Further, while the effect of modality has not been directly examine 
in recoding studies, there are strong indications that individual mo 
dalities would have an effect on performance, particularly at the fas 
presentation rates. At fast rates, repeating temporal patterns c 
identified fastest in the auditory modality, intermediate in the haptit 
or tactual, modality, and slowest in the visual modality (Garner 97 
Gottwald, 1968; Handel and Buffardi, 1968). In these studies, p? j= 
identification in the visual modality was 50% slower than in © 
auditory modality. 
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Finally, Fitts and Seegar (1963) state that the degree of com- 
patibility is at a maximum when the reconstruction or regrouping 
processes are at a minimum. Stimulus-response (S-R) compatibility 
is maximum when the stimulus elements are grouped into the same 
number of units as required by the response code. Stimulus-stimulus 
(S-S) compatibility is maximum when the stimulus elements am 
identically grouped by each method of stimulus grouping (by an 
alternation of modality after three elements and a temporal pause 


cluded that response is most effective when the format of 
the stimulus posee Ro with it. (But, as noted above, 
only slight improvement was found at fast presentation rates. ) 

In sum, past research has indicated several factors—stimulus group- 
ing, response grouping, presentation rate, S-R compatibility—that 
influence performance in a memory-span task. However, no study has 
systematically investigated the importance of each of these factors, 
nor have the effects of S-S compatibility or modality on them been 
studied. Thus, the present study sought to compare these factors and 
to further investigate their interrelation. 


METHOD 


—Subjects and basic task— Eight female undergraduates at Kansas State 

University were paid by the hour for serving ta the experiment. Each 

observed sequences of 24 stimulus events. The stimulus events themselves 

were two-alternative, or binary, consisting of a or left stimulus event, 
pir e, RN on 

grou modality only, temporal breaks 

pel by a wel Atte combination. After simdus se. 
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and a 1 to represent a left stimulus in the binary-response 
those numbers in 24 boxes arranged in a line across 
in the octal- conditions, she was instructed to 
lente, hom D fac 7, putting them in the first 8 
sheet (in other wo ‘chunking’ her responses to the 


—Apparatus—The stimulus events could occur in different modalities: 
audition, or touch (the haptic modality), each of which was represented by 
two perceptually different stimuli, one to the subject's left, the other to ) 
neht The vival scili were two NM lights (cu wd on PPa 
mounted 15 cm apart on a Masonite positioned 1.2 m in front 
subject. The brightness of each light was .25 ftL. The auditory bw 
Were two tones (one 1,200 Hz, one 3,000 Hz). The intensity 
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tones was 65 db sound-pressure level, and they were presented separately 
to the left and right ears by stereo headphones. The haptic stimuli were 
two vibrators (one more intense one powered by a 60-Hz, 6.3-v source; 
the other powered by a 60-Hz, .5-v source), on the top of each of which 
the subject placed an index finger. 

The stimulus patterns were punched on Mylar ta and read out by a 
tape reader that activated a set of relays to switch the stimuli on and off. 
Each stimulus element (a right or left) was activated for the first half of 
the interval between the onset of successive stimuli. The experimenter and 
equipment were in a small room next to the test room. White noise (50 db) 
was used to mask any equipment noise. 


—Stimulus pape sequences of stimulus events that were pre- 
sented to each subject were arranged by two methods: by temporal grouping 
and by modality alternations. Temporal grouping consisted of the ex- 
perimenter's having inserted 'pauses' after a given number of stimulus ele- 
ments, so that the elements were either presented continuously without 
any temporal grouping (To), grouped by twos (T), or grouped by threes 
(T,). Modality eroupin consisted of the experimenter's havin alternated 
the modality in which the elements were presented. This way the elements 
either were M aseo: entirely in one modality, that is, Ah no modality 
grouping (M,), or were alternated among the three modalities.’ If the 
modalities alternated, the modalities could alternate after every element 
(M,), after every two elements (M,), or after every three elements (Ms)- 
It is possible to use both methods simultaneously. In Table 1, the 12 
main stimulus conditions are listed, each condition representing a unique 
combination of temporal and modality grouping. As can be seen there, 
in one condition (the first) neither method grouped the stimuli, in five 
conditions only one method grouped the stimuli, and in six conditions both 
methods grou the stimuli. The last category can be further subdivided 
into two conditions in which both methods grouped by using the same 
number of elements (high compatibility) and four conditions in which 
each method grouped by using a different number of elements (low com- 
patibility). This distinction between levels of S-S compatibility is elaborated, 
and extended to levels of S-R compatibility, in the discussion section. 
All told, there were 216 sequences of stimulus events, each sequence 
generated from a table of random numbers within the restraints (4 that 
right and left stimulus elements both occur at least six times in a sequence 
and (b) that in dividing the 24-element sequence into eight groups o three 
elements, the same configuration of three stimulus elements (say, three lefts) 
not occur more than twice in a sequence, and never consecutively (say, SIX 
lefts). The 216 sequences so formed were divided into 27 blocks of eight 
sequences each and the blocks randomly assigned to conditions within the 
restriction that at least 18 blocks come Terves repetition of a given bk 
to a given subject. 


—Rate of presentation—Two overall rates of stimulus-sequence presenta- 
tion were used: slow (1 stimulus element/sec) and fast (3.125 stim 

elements/sec). Total time was held constant, so that a 24-element sequence 
took 24 sec at the slow rate and 7.68 sec at the fast rate for all 12 conditions: 
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Since temporal grouping required adding pauses, the 12 conditions were 
equated for overall presentation rates (fast and slow) in the following 
manner. 

For nontemporally gom conditions (T,), the stimuli were presented 
at 1 element/sec for the slow rate and 1 element/.32 sec for the fast rate. 
For grouping by twos (T,) at the slow rate, each two-element group took 
1 sec followed by a l-sec pause; at the fast rate each two-element group 
took .32 sec followed by a .32-sec pause. For grouping by threes (T;) at 
the slow rate, each three-element group took 1.5 sec followed by a 1.5-sec 
pause; at the fast rate each group took .48 sec followed by a .48-sec pause. 
Consequently, for all temporally grouped conditions, half of the total pre- 
sentation time was used for presenting the stimuli, while the remaining half 
was used for pauses that separated the elements into groups.* 


—Response grouping—The eight subjects were tested for approximately 
75 min a day for 15 days in the binary-response condition (see the section 
on subjects and task, above); then they were taught the octal code for 3 
days and retested for 15 days in the octal-response condition. The latter 
can be more fully described. 

Dwing the first day of octal-coding instruction, the code was described 
and each subject was given a list of the possible combinations of three 
stimulus elements (each a right or a left) and their octal equivalents. She 
studied this list for 5 min and was then tested by means of flash cards. 
After she gave the correct octal response 48 consecutive times, the session was 
terminated. On the second day, she was tested for 60 min on the experi- 
mental apparatus. Here, groups of three stimulus elements were presented 
in the individual modalities at both rates, the subject instructed to ver- 
bally report the appropriate octal number. 

On the third, and final, day of coding instruction, each subject practiced 
for brief periods on each of the conditions that involved modality alterna- 
tions for a total of 60 min. Here, as before, she was instructed to respond 
in octal terms after each group of three elements—except when the elements 
were grouped in pairs, when she was to observe three pairs of elements an 
then respond with two octal numbers. After three days of instruction, the sub- 
jects were well versed in the octal cdte (making very few mistakes after the 
first few trials on the first day of training) and had received equivalent 
amounts of familiarization with all experimental conditions. 


—Scoring—The average number of errors per 24-element sequence was 
the measure of performance. Since the subjects were told to leave blanks 
for elements they could not recall, each blank space was counted as „5 error 
for the binary-response condition. For the octalresponse condition, 3? 
error in octal notation was treated as equivalent to a response of three 
binary elements. Reconversion to binary elements yielded 1.71 binary errors 
per error in octal notation, on the assumption that all errors in octal were 
equally likely. This is probably a conservative conversion (see Pollack 
and Johnson, 1965). Each blank in the octal condition was counted as 
equivalent to 1.5 binary errors.* 


—Statistical procedures—A problem arose in determining the effect of octal 
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coding on subsequent performance. Since the octal responding always fol- 
lowed the binary responding, any improvement in the performance of the 
former might be due to a general learning effect, not to the octal responding 
itself, For example, in Figure 1 (overall performance curve) the mean im- 
provement for the octal-response condition might be due to a learning 
effect. However, a simple f test between mean performance during the 
binary and octal (response) conditions would be significant. Hence, the 
appropriate comparison is not between binary and octal coding but between 
(a) an estimate of the octal-condition performance if octal coding had no 
effect and (b) the actual octal-condition performance. 
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BLOCKS OF FIVE DAYS 


Fig. 1. Average number of errors made per 24-element sequence, averaged 
across all regular conditions and presentation rates, for each block of five days 


Box and Tiao's (1965) Bayesian model for i tincid regen | 
time series provides this comparison. The model, by means of a à 
t test, answers the question of whether the observations after the instruction 


in octal coding were simply a continuation of the time series of the binary- 


iti i ifted down from that general 
condition observations or whether they shifted up or average pr 


level. The model is a special case of the integrated moving 
a process which has been used previously with success im representing 4 


: jected 
nonstationary time series. The model regards the system 25 ne) 


to periodic shocks (in this case, the learning that takes place h 
a proportion of each shock remaining in the series dn ipie 


is possible to estimate future observations (to extrapolate s 
B y-condition data) by an exponentially weighted average of a n 
Observations. Hence, the technique assesses the statistical stabi Em] 
alteration in the course of a time series. Campbell (1969) has vue 
the general suitability of the Box and Tiao model for time-series SS 
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RESULTS 


For both binary and octal (response) conditions, the number of 
errors per sequence was averaged across subjects and presentations. 
The mean number of errors per sequence for each condition at each 
presentation rate is shown in Table 2. All findings discussed below 
are based on F ratios and were significant at least at the .05 level, 
except where noted. 


Table 2. Number of errors made per 24-element sequence, averaged across 
subjects and presentations, for the binary/octal response conditions at slow 
and fast presentation rates 


Temporal grouping 
Modality grouping T, T, T Mean 
1 element/sec 
M, 13/52 7.3/5.8 7.8/3.3°° 7.5/4.8 
M, 8./40** 85/5.0°°  83/33** 8.5/4.1 
M, 7.9/4.8" 7.6/4.2° 8.4/4.0** 8.0/4.3 
M, 81/34'*  81/44**  79/3.1'* 8.0/3.6 
Mean 8.0/44 7.9/4.9 8.1/3.4 8.0/4.2 
3.125 elements/sec 
M, 8.6/8.3 9.1/9.4 9.2/7.1 9.0/8.3 
M, 10.0/8.9 10.3/9.5 10.2/9.1 10.2/9.2 
M; 9.2/8.6 9.1/8.9 9.8/8.6 9.4/8.7 
M, 8.9/5.8°°  99/77**  90/63** 9.3/6.6 
Mean 9.2/7.9 9.6/8.9 9.6/7.8 9.5/8.2 


o Significant improvement due to octal coding at .05 level. 
Significant improvement due to octal coding at .01 level. 


Binary responding 

With binary responding, stimulus grouping produced poorer per- 
formance. The M,T, condition, in which there was no grouping, pro- 
duced the best performance at both presentation rates. 

With respect to individual modality, it will be recalled that three 
conditions ( M;T,, M,T,, and McT;) were presented in auditory, haptic, 
and visual modalities. The interaction of individual modality and con- 
dition was not significant, so that it is valid to sum across conditions 
for modality effects and vice versa. A significant main effect was found 
for modalities, with performance in the auditory modality best (7.9); 
that in the visual modality intermediate (8.1), and that in the haptic 
modality worst (8.5). 
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s 
The results on rate of presentation show that performance at the 
slow rate was significantly better than at the fast rate (&0 to 05 er- 
rors). Presentation rate did not interact with methods of stimulus 
grouping; the difference between slow and fast rates was constant 
across conditions. 
The data on modality grouping show a significant difference between 
those conditions in which patterns were presented in one modality and 


those in which the modality alternated. No modality (M) 
was best (8.2), M; and M; were intermediate (87), and M, produced 
the poorest performance (9.4). The data on temporal show 


that ungrouped presentation (Te) produced better (86) 
than T, (8.7) or T, (8.8). These differences between temporal-group- 
ing conditions were not significant. 


Octal responding 


The best performance with octal responding was produced by those 
conditions using stimulus grouping by three elements. Condition 
M.T, was best at the slow rate, while condition M;T, was best at the 
fast rate. The interaction of individual modality and condition again 
was not significant. Overall, performance in the visual modality was 
best (6.2), followed by that in the auditory (65) and haptic (68) 
modalities. These differences were not significant. 

On rate of presentation, the data show significantly better per- 
formance at the slow rate than at the fast rate (4.2 to 82 errors). 
Presentation rate did not interact with methods of stimulus grouping. 
however, the differences between slow and fast rates were greater 
for octal responding (4.0 errors) than they were for binary 


(15 errors). 


themselves, For temporal T, was superior (5.6), with T. 
intermediate (6.1) and 1 prete Only the difference between 
T; and T. was significant. 

The overall sooner tal coding itself on recall of the sequences 
was determined by the Box and Tiao test. In Table 2, ccs alil 
formance due to octal coding is shown by asterisks. At the Hg 
octal coding was beneficial, especially for conditons in which 
one stimulus grouping was by three elements. For only two m tions 
(MoTo, M,T;) did octal coding not improve owever, 
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at the fast rate it was only when modality grouping was by threes 
(M;T, M;T; MT) that octal coding significantly improved per- 
formance. No significant improvement occurred for any other con- 
dition. 


DISCUSSION 


Individual modalities 


Memory span depended on the modality in which the stimuli were 
presented. Presentation in the auditory (7.2) and visual (7.2) mo- 
dalities produced fewer errors than presentation in the haptic modal- 
ity (7.6). However, the effect of modalities was small and, more im- 
portant, did not interact with stimulus or response grouping. There 
was a minor interaction with presentation rate: the visual modality 
(5.9) was easier than the auditory one (6.2) at the slow rate, but the 
auditory one (8.3) was easier than the visual (8.5) at the fast rate. 
Haptic presentation was poorest at both rates. This result can be 
contrasted to the large differences between auditory and visual 
modalities in the identification of temporal patterns (Garner and 
Gottwald, 1968; Handel and Buffardi, 1968). The recall of two-alter- 
native stimulus elements is more a cognitive task (of learning and 
memorizing) than it is one of pattern perception, and this probably 
minimizes any differences between modalities. 


Methods of stimulus grouping 


It must be concluded that stimulus grouping can aid short-term 
memory span only when the method of stimulus grouping is compatible 
with the method of response grouping (S-R compatibility). This 
conclusion is most apparent for octal responding, where the three 
easiest conditions, averaged across presentation rate, were MoT, MsTo, 
and M;T;; furthermore, M; and T, produced better performance than 
any other grouping. 

For binary responding, the ungrouped condition (MoTo) produced 
the best performance. Previous work (Pollack and Johnson, 1965) 
reported that when subjects are left on their own, they form their 
own response codes. Similarly, in the present experiment, the subjects 
said that they organized the sequence by runs of identical elements 
(say, ‘four lefts, three rights, one left’). Thus, the condition in which 


a 
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there was no stimulus grouping was the condition most compatible 
with the binary-response code—either modality or temporal grouping 
would tend to break up these runs and interfere with this method of 
organization ( Handel, 1969). 

That stimulus grouping in the binary-response conditions hindered 
performance is at odds with previous research (Ryan, 1969). How- 
ever, the stimuli in previous work were strings of random digits. Tem- 
poral pauses did not break up structure in the string, but created 
structure by grouping. This improved performance. In contrast, in 
the present experiment the pauses tended to break up the structure 
of runs in the strings. 

The effects of temporal and modality grouping differed for binary 
and octal coding. With binary responding, temporal grouping of 
stimuli without modality grouping (MTs, McT,) produced fewer 
errors than modality grouping without temporal grouping (MT), 
M,T,), although the differences were not great (84 to 8.5 errors). 
But with octal responding, the ranking was reversed: modality group- 
ing produced fewer errors than temporal grouping (5.7 to 64 errors). 
Possibly a transformation code affects the relative efficiency of stimu- 
lus-grouping methods. The inferiority of temporal grouping with octal 
responses may also have been due to the faster rate of presentation of 
the stimuli (faster because of the pauses added within the same amount 
of total time). But if increased presentation rate is responsible, it is 
not clear why temporal grouping was superior to modality grouping 
with binary responses. 

The control conditions for temporal grouping, conditions which 
allowed total time to increase (see note 3), yielded better perform- 
ance than the modality-grouping conditions. This again suggests that 
the faster presentation rates were responsible for temporal-grouping 
inferiority. But the superior performance in the temporal control 
conditions might also have been due to the increased amount of 
time to process the sequences. Because of the unavoidable confounding 
of presentation rate and total time, it is impossible to resolve the 
question of whether temporal or modality grouping was the more 
efficient. 


was nearly three times as great for octal than for binary responses 
(43 versus 1.5 errors). Octal transformations take time, and 
subjects may not have been able to keep up at fast presentation rates. 
This difference was minimized for modality grouping by threes, a 
condition which would tend to make recoding easy. 
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S-S and S-R compatibility 


Each stimulus grouping can be classified as to the degree of S-S 
compatibility. High compatibility was when both modality alternation 
and temporal pauses grouped the same number of stimuli ( M;T,, M;T;, 
M,T,), medium compatibility was when only one of these methods 
grouped the stimuli (M;T;, MsTo, M;T;, M;T,, M;T,), and low com- 
patibility was when each method grouped into a different number 
of elements (M;T;, M;T,, M;T;, MsT:). 

For octal responding each condition can similarly be classified as to 
S-R compatibility. Since the octal code is based on three elements, high 
S-R compatibility occurred when at least one method grouped the 
stimuli by threes ( M;T;, M;T;, M;T;, MsTo, MsT2, MsTs) and low S-R 
compatibility was when neither method grouped by threes (MoT», 
MeTs, M;T,, M;T;, M:To, M;T;). 

For octal responding, averaged across presentation rates, an analysis 
of variance found that S-R compatibility accounted for 7596 of the 
variance (1 of 11 df) and S-S compatibility accounted for 13% of the 
variance (2 of 11 df). The means are shown in Figure 2. The same 
analysis was done for binary responding. Here, although S-R com- 
patibility is meaningless, S-S compatibility accounted for 61% of the 
variance and S-R compatibility accounted for 0%. 


Octal responding 


ERRORS/SEQUENCE 


@— high S-R compatibility 
4 4&— —A low S-R compatibility 


S-S COMPATIBILITY 


Fig. 2. Average number of errors made per 24-element sequence, averaged 
across presentations and rate, for the conditions comprising the two evels 
of S-R compatibility at each level of S-S compatibility 
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To determine the effect of S-S and S-R compatibility on the facilitory 
effect of octal coding, the Box and Tiao technique was applied. For 
low S-R compatibility, no level of S-S compatibility showed significant 
improvement in performance. However, for high S-R compatibility, 
significant improvement was found for all levels of S-S compatibility. 
Therefore, the present study replicated the results of Pollack and 
Johnson (1965) by finding S-R compatibility crucial to performance 
when an octal response is used. Furthermore, it showed that S-S com- 
patibility had a significant but relatively minor role, taking on im- 
portance only within levels of S-R compatibility. In addition, octal 
coding facilitated performance chiefly at the slow rate. 


Selective attention and filtering 


There was strong evidence that when both stimulus-grouping meth- 
ods are used simultaneously, subjects selectively filter out the grouping 
method that reduces performance and attend to the grouping method 
that gives the best performance. With binary responses all stimulus 
grouping was detrimental, but when possible, the subjects filtered out 
the stimulus groupings that most reduced recall. For instance, both 
temporal grouping and modality grouping increased errors here, but 
these effects were not additive; redundant grouping (M;T, M;T;) 
was equal to temporal grouping, its best component. Also, recall for 
those binary-response conditions in which neither modality nor tem- 
poral grouping occurred was better than recall for those conditions 
in which both modality and temporal grouping occurred (7.8 to 8.2 
errors at the slow rate, Mann-Whitney U, p « .15; 9.2 to 9.7 at the fast 
rate, Mann-Whitney U, p « .07). 

The conclusion that subjects selectively attend to the best type of 
stimulus grouping was supported by the octal-response results. Here 
grouping aided performance; modality grouping was superior to tem- 
poral grouping, and redundant grouping was at least as good as mod- 
ality grouping. Furthermore, consistently better performance was found 
with high S-R compatibility (when either modality or temporal group- 
ing was by threes), even though all but one of these conditions also 
had a component that did not group by threes (3.6 to 48 errors at 
the slow rate, Mann-Whitney U, p. < .02; 7.4 to 8.9 errors at the fast 
rate, Mann-Whitney U, p < .05). The subjects attended to the method 
of stimulus grouping that was compatible with the octal code and 
thereby improved their recall. 
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Notes 


This study is based on a dissertation submitted to Kansas State University 
in partial fulfillment of the requirements for the Ph.D. The author thanks 
Dr. Stephen Handel for his helpful guidance. This research was supported 
in part by NIH Grant MH 15969 and was carried out during the author's 
tenure as an NIMH trainee (5t01 MH08359). Revision received for pub- 
lication July 1, 1971. 

1. When all the stimulus elements were presented in one modality, 
each modality was used an equal number of times; when the modalities 
alternated, the six possible orders of modality alternation were counter- 
balanced. 

2. For design purposes only, the 12 conditions were divided into six 
sections: (a) M,T,, with auditory, haptic, and visual subconditions; (b) 
M,T., with auditory, haptic, and visual subconditions; (c) MTs, with 
auditory, haptic, and visual subconditions; (d) M,T», M:To, and M;To; 
(e) M;T,, M,T;, and M,T,; and (f) M,T,, M,T,, and M,T,. Every day 
each subject was presented with four of these six sections, so that every three 
days all conditions appeared twice for each subject. For each condition 
in a section, four sequences of 24 elements were presented at each rate. 
The order of presentation of the six possible sections was also balanced for 
each subject with the restriction that the other five sections appear at least 
once before any single section repeated. Within each section the order 
of conditions was counterbalanced. 

3. To control for this manipulation, two extra stimulus conditions paral- 
leling MoT, and MoT, were added to those shown in Table 1. These condi- 
tions used the same presentation rate but let total time per sequence vary. 
Each pause was one element long (1 sec at the slow rate, .32 sec at the 
fast rate). Thus, the total time for a 24-element sequence at a slow rate for 
control MT, was 36 sec; for control MgT;, it was 32 sec. These stimulus 
conditions were presented three times each for both binar and octal re- 
sponding for each subject, on days 1-2, 7-8, and 14-15. To keep the length 
of the experimental day to approximately 75 min when one of these contro 
conditions occurred, it substituted for one of the regular sections (see 
note 2, above). Hence, each regular stimulus condition appeared nine times 
for both binary- and octal-response conditions, with the conditions balance 
across each block of five days. 

4. Other conversions are possible. For example, errors and blanks could 
both count as 1.71 errors or both as 1.5 errors. These conversions were 
calculated, but they did not affect the pattern of results. 
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COLOR RECOGNITION AND WORD FREQUENCY 


Ruth F. Deich 
California Department of Mental Hygiene, Pacific State Hospital 


College students learned a list of six paired associates with high- or low- 
frequency color names as stimuli and two-digit numbers as responses, then 
were shown color cards matching the color names and asked to recall the 
numbers. With rehearsal and color blindness controlled, the subjects learn- 
ing high-frequency names had significantly better recall, confirming that color 
memory is a function of linguistic codability, not perceptual experience. 


It has been found that the ease of recognizing or remembering a 
color is directly related to frequency of use of that color name. If 
Brown and Lenneberg (1954) and Lenneberg (1961) are correct, this 
phenomenon is a linguistic one. If Horowitz, Norman, and Day (1966) 
are correct, it is perceptual in nature, since “the most codable color 
names (high-frequency words) are probably used to label the most 
frequent sensory experiences” (p. 13). If the phenomenon is in fact 
based on sensation, then using a high-frequency word like ‘blue’ should 
result in no better recognition than a low-frequency synonym like 
‘azure,’ since both have approximately the same frequency of sensa- 
tion, If it is based on frequency of codability, the word blue should re- 
sult in better recognition than the word azure. It was hypothesized 
that color recall is a function of codability and not of frequency of 
Sensory experience. 


METHOD 


Two groups of college students learned a list of six paired associates 
by the method of aati ation to the criterion of one correct reproduction. 
Before list presentation, the subjects were told that this was an experiment 
to compare learning rates among different groups. 1 

A Kodak 800 projector with a tachistoscopic attachment peri con- 
ss of exposure time. The latter was 1 sec for each slide and 1 sec for the 

lank interval between slides. Exposure was the same regardless of whether 
slide showed only the stimulus or the complete stimulus-response pair. 
cent were color names. Responses were two-digit numbers. The con- 
Broup (N — 21) was given wellknown, high-frequency color names 
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in the following stimulus-response pairs: ngp-29, BLUE-51, GREEN-73, BLACK- 
16, riNx-87, onance-34. The experimental group (N 721) was given as 
stimuli four low-frequency dictionary synonyms: CRIMSON, AZURE, Jane, and 
Boxy. The other two color names, PINK and ORANGE, remained the same, 
as did all the response numbers. Pair orders were counterbalanced in both 


grou 

RE after learning, the su were given the Dvorine pseudo- 
isochromatic plates (1953) to contro! for color-vision abnormalities and to 
prevent rehearsal. Then they were shown six color cards.’ Each of these 
cards (which were the same for all of the subjects) had a colored tissue 
paper that matched one of the previously learned color names, and the 
cards were presented in a different order than that of the color names on 
the learning list. The color cards were exposed for 2 sec each, and the 
— was asked to recall the appropriate associated response number. 

cards were ¥% in. thick, with blanks between the color cards. This 
thickness made the cards easy to hold and to drop. The 2-sec intra- and 
interitem exposures were timed with a stopwatch and metronome. A con- 
stant exposure rate was attained, as the rimenter (a research assistant 
with no knowledge of the experimental hypothesis) was well practiced 
on a pilot group. 

After recall, each = was given a sheet of paper showing the learn- 
ing-task color names and nine differently colored dots (including yellow and 
brown and gray). Each subject was required to match each color name with 
the colored dot most closely approximating the name. This procedure con- 
trolled for the subjects not knowing the meaning of any particular color name. 


RESULTS 


The data from 36 of the original 42 subjects were available for 
analysis. One in each group was eliminated on the basis of red/green 
color blindness, and four additional subjects in the experimental group 
were eliminated because they did not know one or more of the 
synonymous, infrequent color names. 


Table 1. Mean (X) trials to learn and two-digit response numbers recalled 


Trials to lean Numbers recalled 
Two Four Total Four Total 
identicals synonyms list synonyms list 
Experimental ff 
group (N = 16) 25 34 34 2.1* 3.6 
Control group e 
(N = 20) 2.6 aude 38 3.6° p» 


°p € 01. 
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L Both groups required the same number of trials to learn regardless 
of whether one considers the total list of six pairs (X=3.4, 3.5), the 

four synonymous pairs (X —3.4, 3.4), or the two identical pairs (X= 
25, 26); sce Table 1? The control group recalled significantly more 
volor names than the experimental group, with t of 4.84 for the total 
list and ¢ of 4.91 for the synonymous pairs (df = 34, p < .01).* 


DISCUSSION 


The results clearly show that color memory is a function of linguistic 
- Codability and not of perceptual experience. The equal learning by 
- both groups and the significantly greater retention for high-frequency 
color names (by the control group) indicate that Brown and Lenne- 
berg (1954) were correct in calling the phenomenon a linguistic one. 
Thus, a more frequently used color name, such as ‘red,’ is more 
readily available than a less frequently used one, such as ‘crimson.’ 
It may be objected that the colors on the recall swatches were not 
actually crimson, azure, and so on for the experimental group. How- 
, both the colors on the recall swatches and the colors controlling 
for knowledge of color names had been labeled by the manufacturer 
With the infrequent color names. Idiosyncratic differences can be ruled 
Out, since all subjects were able to match infrequent color names in 
the colored swatches shown (see results, above). 
_ The process of color memory in the present experiment may be 
conceptualized as follows. On the learning task, a printed symbol 
ignating a color cognitively represents a percept of some wavelength 
Tange. On the retention task, the subject sees a color of a specific 
Wavelength. He must recall which of the six previously seen color-name 
stimuli (representing clearly distinct colors) most closely represents 
the actual color shown: is it red/crimson, or blue/azure, or what? And 
Once he knows the color-name stimulus, he then has to recall the 


| associated response. 


dE 1o 


Us, essentially two associations were involved in the retention 

: color with color name, and color name with response number. 
the association of name with number was learned at the same 

Tate for experimental and control groups, the differences in retention 
may be sought in the first link of the chain, color > color name ^ 
Tésponse number. If prior frequency of sensory experience were the 
Explanatory factor, there should have been no differences in retention 
between the two groups, since the same hue was shown to both. But 

D 
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the difference in favor of the control group indicates that color men 
is a function of codability per se, and not codability as dependen 
frequency of sensory experience. 


2. The subjects had only to learn the se members, which 
the same for groups. This technique voided possibly greater dif 
with the more unfamiliar color names. The same responses for both g 
together with the brevity of the list, presumably accounted for the eq 
learning. 

3. The recall measure was a two-digit number. A difference in n 
recall by definition reflects a difference in color-name recall. 
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PROBABILITY LEARNING WHEN STIMULI 
VARY ON MULTIPLE DIMENSIONS 


E. Scott Geller and Charles P. Whitman 
Virginia Polytechnic Institute and State University 


With both location and shape of stimuli varied simultaneously on inde- 
pendent binary probability schedules, the prediction distributions of sub- 
jects who had a 7096-3096 schedule on each dimension eventually ‘matched’ 


the theoretical probabilities, but those of subjects who had a 50%-50% on 
one dimension underapproximated the theoretical probabilility for the 70% 
altemative of the other dimension. Even with the color of the stimuli also 
varied, subjects’ prediction distributions showed they were discriminating 
all three schedules. 


The standard probability-learning experiment first introduced by 
Humphreys (1939) is a two-choice decision task in which stimulus 
events are sequentially presented on a predetermined probability 
schedule and the subjects make a stimulus prediction before each 
presentation. As the experimental session progresses, the subjects 
frequently demonstrate ‘matching’ behavior; that is, the frequency 
distribution of their stimulus predictions comes to approximate the 
event probabilities of the presentation schedule (Estes, 1964). The 
effect is also found when the design is modified to represent a more 
complex probability situation—when the number of stimulus alterna- 
tives is increased beyond two (see the review by Vlek, 1970), when 
‘wo independent probability schedules are alternated on successive 
tials (Schipper, 1970), and when the probability of a stimulus alter- 
hative is varied intrasequentially in a two-choice and a three-choice 
decision task (Geller, 1970). 

Unlike the previous studies, the present experiments simultaneously 
differentiated the stimulus events along more than one (binary) dimen- 
Sion. Before each stimulus presentation in Experiment I the subjects 
verbally predicted which of two shapes they expected and in which 
of two locations it would occur. By independently varying the relative 
Probability of two shapes and two locations, the sensitivity of the 
Subjects’ predictions to two simultaneously occurring probability dis- 
tributions was determined. In Experiment II each stimulus event 


397 


398 GELLER AND WHITMAN 


represented one of two shapes, two locations, and two colors, so that 
the ability of subjects to discriminate between three simultaneously 
occurring probability distributions was studied. 


EXPERIMENT I 


Method 


—Subjects— Volunteers from the introductory psychology classes of Virginia 
Polytechnic Institute and State University were assigned to three experi 
mental groups of ten males and ten Siale each. 


—Groups—Each received a different schedule of 200 stimulus 
sentations in which the probability of an up or down (D) shape and a left 
or right (R) location varied independently. Group 70D/70R was presented 
a 70%-30% distribution of both the shape and the location dimensions in 
each block of 50 trials (35 down, 15 up shapes; 35 right, 15 left locations). 
Group 70D/50R was presented a 70%-30% distribution of the shape alter- 
natives (35 down, 15 up shapes per 50-trial block) and a 5096-5096 dis- 
tribution of the location alternatives (25 right, 25 left locations per 50-trial 
block). Group 50D/70R was presented a 5096-5096 distribution of shape 
(25 down, 25 up shapes per 50-trial block) and a 70%-30% distribution 
of location (35 right, 15 left locations per 50-trial block). Because the 
involved only between-group comparisons, counterbalancing of the 
probabilities of the stimulus alternatives within each dimension was not 
part of the design. 
—Procedure—The subjects performed in individual one-hour sessions. At 
the start of each session, the prediction task was explained. The subjects 
were told that the stimulus list was predetermined on punched paper tape 
and were encouraged to try to make as many correct shape and location 
predictions as possible. They were given no i iermation about the nature of 
the stimulus sequence, that is, were not told to expect randomness 0 
patterning. After 10 practice trials, 200 stimulus events (experimental 
trials) were successively presented; before each presentation the subjects 
predicted which of the two shapes and two locations would occur next 


Results and discussion 


For analysis, the proportion of down and right predictions for each 
group was determined for each successive block of 10 trials. As Figure 
1 indicates, the subjects’ prediction strategies did show a discrimina- 
tion of two simultaneously presented probability schedules. After 90 
trials the prediction distributions of group 70D/70R reached an asymp- 
tote that approximated the theoretical probabilities for both downs 
and rights. The other two groups, both of which received a 70%-30% 
distribution on one dimension and an equiprobable (50%-50% ) dis- 
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tribution on the other, did not ‘match’ on the 7096-3096 schedule, but 
after 90 trials their prediction proportions for the 70963096 dimension 
were indeed higher for the more probable alternative; for the dimen- 
sion with equiprobable alternatives their prediction proportions for 
each alternative fluctuated around .50. 


PREDICTION PROPORTIONS 


SUCCESSIVE 10-TRIAL BLOCKS 


Fig. 1. The proportion of down (D) and right (R) predictions for each 
schedule group as a function of successive 10-trial bl 


For every trial block after the first 40 trials, the prediction proportion 
of a 70% alternative (either a down or a right) was higher when the 
probability schedule for the other dimension was similar (group 
70D/70R) than when the probability schedule for the other dimension 
was dissimilar (groups 70D/50R, 50D/70R). As indicated in Table 1, 
the analyses of variance comparing the prediction proportions for the 
70% alternatives indicated significant group effects between groups 
70D/70R and 70D/50R and between groups 70D/70R and 50D/70R. 
A significant effect of trial block was obtained in each case, and no 
significant interaction of groups and trial blocks occurred. 

Thus, when they received one dimension on a 5096-5096 prob- 
ability schedule, the subjects’ tendency to predict the more probable 
stimulus on the other (7096-3096) dimension was suppressed. Ap- 
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Table 1. Analyses of variance, Experiment I 


Source df MS Error F 
3 (groups) X 2 (dimensions) X 20 (trial blocks) 
Group (G) 2 17,993.60 a 21.07** 
Dimensions (D) 1 459.38 b 0.58 
GXD 2 7,042.63 b 8.84** 
Trial block (T) 19 2,743.81 e 14.10°° 
GXT 38 637.10 c 3.27°° 
DXT 19 382.54 d 2.15°° 
Gx DXxT 38 1,264.11 d 7,09°° 
Error terms 
a. Ss within G 57 853.81 
b. Ss X D 57 796.30 
c. Ss X T 1083 194.65 
d.SsX DX T 1083 178.37 
Downs predicted as a function of group (70D/70R versus 70D/50R) 
d (G) 1 28,084.50 a 32.89** 
Trial block (T) 19 2,588.26 c 13.30°° 
GXT 19 279.34 c 1.44 
Rights predicted as a function of group (70D/70R versus 50D/ TOR) 
Group (G) 1 13,284.50 a 15.56** 
Trial block (T) 19 2,947.00 c 15.14** 
GXT 19 271.08 c 1.39 
70% events predicted as a function of group (70D/50R versus 50D/ TOR) 
Group (G) 1 1,128.13 a 132 
"Trial block (T) 19 2,259.97 c 11.61°° 
GxT 19 158.65 c 82 
50% events predicted as a function of group (70D/50R versus 50D/ ‘70R) 
Group (G) 1 2,00 a 002 
Trial block (T) 19 1,089.71 c 5.60°° 
EXT 19 202.27 c 1.04 
**p < 01. 


parently, subjects simultaneously process two independent prob- 
ability distributions more appropriately when the two distributions 
are similar rather than dissimilar. Perhaps interference occurs when 
the distributions of two independently occurring stimulus dimensions 
are different, whereas facilitation (of probability information on one 
stimulus dimension) occurs when the other stimulus dimension is 
simultaneously varying on an identical distribution. 

The effect of a similar distribution on the ‘other’ stimulus dimension 
is also evidenced by the comparison in Table 2 between the groups 
prediction proportions for their last 100 trials and the theoretical joint 
probabilities of each stimulus combination. Probability learning !5 
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indicated by the degree of correspondence between each prediction 
proportion and the appropriate theoretical probability. The interfering 
effect of a second, dissimilar probability distribution is demonstrated 
by the underapproximations of the joint probabilities containing a 7096 
and a 50% stimulus alternative. On the other hand, for the group 
receiving similar distributions the proportion for the stimulus com- 
bination containing both 7096 stimuli closely approximated the the- 
oretical probabilities. 


Table 2. Comparison between the groups prediction proportions for the last 
100 trials and the theoretical joint probability of each stimulus combination 


Stimulus Theoretical Prediction 
combination probability proportion 
Group 70D/70R 
down/right 49 492 
down/left 21 .189 
up/right 21 .192 
up/left 09 .130 
Group 70D/50R 
down/right .35 .292 
down/left 35 .306 
up/right 45 192 
up/left 5 .210 
Group 50D/70R 
down/right 35 .306 
down/left 15 185 
up/right 35 313 
up/left 5 .199 


To determine whether probability information was more readily 
learned for the shape or location dimension, the prediction distribu- 
tions for each dimension were compared between groups 70D/50R 
and 50D/70R by separate analyses of variance. The analysis of vari- 
ance comparing the prediction distributions for the 70% alternative 
(down for group 70D/50R and right for group 50D/70R) indicated 
only a significant effect of trial block; neither the group effect nor 
the interaction of groups and trial blocks was significant (see Table 1). 
Likewise, a between-group comparison of the prediction proportions 
for the 50% alternative (right for group 70D/50R and down for 
group 50D/70R) demonstrated a significant effect of trial blocks, 
ut again neither the main effect of groups nor the interaction of 
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groups and trial blocks was significant. 

This last finding supports the utility of a two-dimensional design. 
That is, since the data indicate that subjects process shape and lo- 
cation probabilities similarly, the generalization (biasing or inter- 
fering) effect of manipulating one probability distribution can be 
studied with the two-dimensional design. Whereas formerly the effect 
of an independent variable on probability learning has been studied 
between groups or stimulus sequences, the two-dimensional design 
permits within-subject comparisons. For example, either stimulus 
probability, incentive level, stimulus run length, or number of trials 
preceding a probability reversal could be varied for one dimension 
and then the generalization effects observed by studying prediction 
changes on the other (control) dimension. Consequently, the utility 
of the present design will perhaps be demonstrated when variables 
found to influence one-dimensional probability learning are studied 
in the two-dimensional case. 


EXPERIMENT II 


Method 


—Subjects—Fourteen students (seven males, seven females) in the intro- 
ductory psychology course at Virginia Polytechnic Institute and State Univer- 
sity served as subjects. 


—Groups—All of the subjects had the same sequence of 250 stimulus pre- 
sentations in which the probabilities of an up or down (D) shape, à red 
or green (G) color, and a left or right (R) lesion were varied on inde- 
pendent schedules. That is, each presentation was a red or green triangle, 
with its apex up or down, that occurred at the left or right of the stimulus 
screen. For each successive block of 50 trials, the shape values were pre- 
sented on a 90%-10% distribution (45 down, 5 up shapes), the color 
values on a 70%-30% schedule (35 green, 15 red colors), and the location 
values on a 50%-50% distribution (25 left, 25 right locations). Counter- 
balancing all possible combinations of the stimulus alternatives for three 
binary dimensions would have required eight experimental conditions an 
was beyond the scope of the present study. 


—Procedure—Before each three-dimensional presentation, the subjects 
predicted which shape, color, and location they expected to occur. As in 
Experiment I, they were given no information about the sequence of di- 
mension alternatives but were told that the stimulus sequence was pre 
determined by a punched paper tape. Before the 250 experimental trials, 10 
practice trials were given, during which the subjects’ questions about their 
task were answered. 
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Results and discussion 


Figure 2 depicts the proportion of down, green, and right predic- 
tions for each successive block of 25 trials. Although the subjects’ pre- 
diction proportions for each dimension did not match each dimension's 
probabilities, the early separation of the three curves indicates that 
the subjects did discriminate between the three simultaneously pre- 
sented probability distributions. The overall analysis of variance 
(Table 3) indicated significant main effects of dimension and trial 
block and a significant interaction of dimension and trial block. 


@— shope [P(D) = .90] 
a---4 color [P(G) = .70] 


m-—-8 location [P(R) = .50] 


a LATO. 
Pa a e I rr 


PREDICTION PROPORTIONS 


a, es dong T SO RO 
BLOCKS OF 25 TRIALS 


Fig. 2. The proportion of down (D), green (G), and right (R) predictions 
for each successive block of 25 trials; P is the theoretical probability 


As Figure 2 shows, the proportion of downs predicted increased 
consistently over successive trial blocks and in fact did not appear 
to reach an asymptotic level over the 250 trials, For the color di- 
mension, the prediction proportions of the more frequent alternative 
(green) increased successively over the initial trial blocks, and after 
three blocks (75 trials) apparently reached an asymptotic level slightly 
below .60. Finally, the proportion of right locations predicted did 
not vary consistently as a function of trial block. 

The separate analyses of variance to determine the significance of 
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trial-block effects on the response proportions for each dimension in- 
dicated a significant main effect of trial block for the shape and color 
dimensions, but not for location (see Table 3). From the analyses 
of variance to determine the effect of the last five trial blocks on the 
response proportions of each dimension, a significant main effect of 
trial block was obtained only for the shape dimension [F(4,117) — 
2.71, p < .05]. Thus, an asymptotic prediction level was reached for the 
5096-5096 and 7096-3096 schedules, but not for the 9096-1046 schedule. 


Table 3. Analyses of variance, Experiment II 


Source df MS Error F 
3 (dimensions) X 10 (trial blocks) 
Dimension (D) 2 19,493.40 a 19.84** 
Trial block (T) 9 403.04 b 4,62°° 
DXT 18 925.53 c 9.33** 
Error terms 
a. Ss X D 26 1,519.11 
b. Ss X T 117 87.34 
c SSXDXT 234 99.35 
Simple effects 
Trial block for shape — 9 2,003.50 b 22,94°° 
Trial block for color 9 180.06 b 2.06° 
Trial block for location 9 70.46 b 8l 


*p« 05. — **p«.01. 


In probability-leaming tasks with multiple stimulus alternatives, 
the probability-matching or linear model developed by Estes (1959) 
has usually not been supported. Rather, the subjects typically over- 
predict the most frequently occurring event and therefore under- 
predict the less probable alternatives (Gardner, 1957, 1958; Cotton 
and Rechtschaffen, 1958). With the two-dimensional design of Ex- 
periment I, the probability matching predicted by a linear model 
was demonstrated when the stimulus alternatives of two independent 
dimensions were varied on identical probability schedules (each 
7075-3070). But when the probability distributions for the two di- 
mensions were different (were 7095-3096 and 5096-5096), the sub- 
jects’ response proportions underapproximated the 70% alternative 
of the 7095-3096 dimension. With the three-dimensional design of 
Experiment II, prediction proportions for a 5096-5096 dimension Te 
mained at the level hypothesized by a linear model (.50), while 
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the response proportions for the 7096-3096 dimension reached an 
asymptote that underapproximated the probability of the more fre- 
quent alternative. The prediction proportions for the 9096-1096 di- 
mension also underapproximated the probability of the more frequent 
alternative, but since an asymptotic prediction level was not reached 
for this dimension, the probability learning was not complete. Ob- 
viously, the predictive ability of a normative model in a design with 
multiple dimensions can be realized only after more research with 
probability schedules and number of trials as parameters. However, 
the present research did demonstrate that subjects can discriminate 
between two and three simultaneously occurring probability sched- 
ules after relatively few trials. 

Since in everyday situations outside of the laboratory, people 
typically make decisions involving more than two alternatives, prob- 
ability-learning studies using more than two stimulus alternatives are 
a more realistic analogue of natural settings than are simple two- 
alternative tasks. Correspondingly, since people often encounter sev- 
eral probabilistic situations at once during their daily decision making, 
the present research introduced another extension of the simple prob- 
ability-learning paradigm, to more closely typify the probabilistic 
situations of the normal milieu, Perhaps additional research should 
extend the number of stimulus dimensions beyond three, to make the 
paradigm an even more appropriate correlate of natural probabilistic 
settings. 


Notes 


For their helpful suggestions the authors thank W. B. Pavlik and J. J. 
Franchina; for their assistance in collecting and analyzing data, J. C. Farris, 
G. J. McGuire, and R. G. Wiley; also Western Electric Company, for do- 
nating electronic supplies. Portions of this research were presented at a 
meeting of the Eastern Psychological Association (Geller, Whitman, and 
McGuire, 1971). Requests for reprints should be sent to E. Scott Geller, 
Department of Psychology, Virginia Polytechnic Institute and State Uni- 
versity, Blacksburg, Virginia 24061. Received for publication June 28, 1971. 
.l The large Ss X D error term in Table 1 indicates relatively incon- 
sistent dimension predictions across subjects. Such a result might perhaps 
be due to individual differences of attention to the two or three dimensions, 
However, the small Ss X D X T error term suggests that the attentional 
Strategy adopted by individual subjects was quite consistent over trials. 
This phenomenon clearly requires further investigation in its own right. 
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PERCEIVED COLD AND SKIN TEMPERATURE 
AS FUNCTIONS OF 
STIMULATION LEVEL AND DURATION 


Lawrence E. Marks and Joseph C. Stevens 
John B. Pierce Foundation Laboratory and Yale University 


Stimulation was a reduction (AH) in the magnitude of heat flux irarlatiig 
subjects in cold air. For any constant duration, the terminal cold experience 
grew as a power function of AH; the exponent ranged from 1.2 for the 
longest duration. (30.9 sec) to 1.7 for the shortest (3.9 sec). For any con- 
stant AH, cold, unlike warmth, increased continuously and markedly with 
duration. Perceived cold at low, but not at high, levels of AH correlated 
strongly with changes in skin temperature. 


This study examines how the magnitude of perceived cold (cold 
Sensation) and of skin temperature depend on the length of time 
the body is exposed to various levels of cold stimulation. In an ex- 
periment, a given subject lay supine in very cold air and was irradiated 
from above by heat lamps, regulated to make him comfortable. From 
time to time the irradiation was abruptly lowered in order to arouse 
à sensation of cold, whose magnitude the subject attempted to assess 
numerically (the method of magnitude estimation). 

Two parameters were varied: the magnitude and the duration of 
the change of irradiation. An analogous experiment on warmth aroused 
by irradiation of the front of the body (Marks and Stevens, 1968) 
revealed that warmth grows as a power function of level of irradiance, 
given any constant duration (between 2 and 12 sec). As a function 
of duration, however, the results were not so simple. During a brief 
Period (about 15 sec) after onset of stimulation and before the 
Start of vasodilation and sweating, warmth changes little with dura- 
tion, even though skin temperature rises continuously and markedly. 

hat the sensation of warmth does not clearly parallel skin tempera- 
ture may mean that a time-dependent process is at work, such as 
adaptation. The present study sought to learn whether similar pro- 
“esses occur under cold stimulation in a short period (about 30 sec) 
during which the skin behaves as a thermally passive system, that is, 

Ore the onset of vasoconstriction and so on. 
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The main questions asked here are four. Does cold sensation con- 
form to the psychophysical power equation at various constant dura- 
tions of exposure? If so, do the constants of the power equation de- 
pend on duration? What is the nature of the buildup of cold sensation 
over time? Are sensations of cold related in a simple and direct man- 
ner to skin temperature? 


METHOD 


—Apparatus— The experiments took place in a large (3.4 by 4.3 by 7.6 m) 
air-conditioned room. Air temperature was 3-4 deg C, relative humidity 
below 30%, and average wind velocity approximately .3 m/sec as measured 
with a Hastings air meter (RM-1X) placed at the level of the subjects 
chest. Each subject, blindfolded and clad in briefs, socks, and shoes, lay 
supine on an '6-by-3.0-m bed that was covered with thick foam rubber (see 
Figure 1). The ventral surface of his body was irradiated from a bank of 
eight General Electric T-3 quartz lamps, each 40 cm long. The lamps were 
contained in parabolic, cylindrical reflectors mounted 1.65 m above the bed. 
The level of radiation emitted by these lamps could be adjusted for each 
subject individually in order to produce thermal neutrality in the cold air. 


L^ ater (en 


Fig. 1. The experimental setup: at the left an end view; at the right ê side 
view 


Fifteen cm below this bank was another bank of eight heat lamps, mounted 
on the underside of a shutter that could be moved away quickly by 2? a 
cylinder. When the shutter was closed, the subject was exposed to | d 
lower bank; when it was open, to the upper bank. An aluminum shiel 
prevented the lower bank from radiating his body when the shutter wa 
open. This arrangement permitted a relatively abrupt change from. vi 
level of irradiation to another, an abrupt change that could not be achiev 
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by reducing the voltage across a single bank of lamps because it took too 
long for irradiance to reach a new steady state. 

Irradiance from the lamps was controlled by varyi g a voltage across 
the lamps. The relation between voltage and Sie se Banón was meas- 
ured with a standardized Hardy radiometer (Hardy, Wolff, and Goodell, 
1952) placed at the level of the subject's skin. The lamps were spaced in 
each bank to produce an irradiant flux that was uniform within 1096 over 
the surface of his body. However, the change in irradiance produced by 
switching from one bank to another varied to a greater extent over the 
body surface (as much as 25% ). For that reason, irradiance was measured 
at 30 positions in the plane of the subjects body. These positions were 
selected to represent approximately equal areas of the exposed surface of 
the trunk and legs of a typical subject. Changes in irradiance reported be- 
low are averages for the 30 positions. Because not all of the incident radia- 
tion is absorbed by the skin, the measured irradiances were corrected for 
M reflection (see Gagge, Rapp, and Hardy, 1967; Stevens and Marks, 

67). 

A chopped-beam infrared radiometer was used to measure skin tempera- 
ture (see Stolwijk and Hardy, 1965). It was mounted above and to the 
side of the subject so as to ‘view’ the left central region of his chest. 


—Procedure—The purpose of the first experimental session was to de- 
termine, for each subject, the approximate level of irradiance from the 
upper bank of lamps required to produce subjective thermal neutrality in 
the cold air. A staircase procedure was used: 5-V changes were made once 
every minute. The direction of voltage change depended on the subject's 
Prior response: when he responded “warm,” the voltage was decreased; 
When he said "cool" the voltage was increased. The session lasted about 
one hour, during which time 2 20-25 reversals of response were ob- 
tained, and then averaged. The irradiance in mW/cm? needed for thermal 
neutrality varied across subjects from 26 to 49 mW/cm? (about an 8-deg-C 
range of operative temperature). This is in line with earlier measurements 
of thermal neutrality (Gagge and Stevens, 1968), which show that subjects 

er in their choice of thermal environment. A given person, however, 
tends to choose the same environment fairly consistently from one session 
to another, 

For the magnitude estimations of cold sensation, the levels of irradiance 
found to produce subjective thermal neutrality were used as baselines for 
the exposures to cold. (These latter sessions began with a brief check to 
establish that the conditions for neutrality had remained essentially the 
Same; Occasionally, small adjustments had to be made.) For each subject 
the Set of stimuli consisted of several different magnitudes of change in 
irradiance (AH), The magnitudes of AH were obtained by ren the 
voltage to the lower bank of heat lamps. The values of AH were i lentical for 
all subjects: 9,8, 118, 13.8, 17.8, 23.8, and 29.8 mW/cm*. (For those 
Subjects who required the smallest amount of heat to provide comfort, the 
atgest AH was produced with zero voltage across the lower lamps; this 
^H = 99.8 mW/cm? corresponded to lying unheated in air at 3-4 deg C.) 

Each of these six levels of AH was presented through each of six differ- 
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ent exposure durations, The shutter, with attached lamps, was massive, and 
therefore took about a second fully to open or close. The temporal course 
of the change in irradiance was measured with a photocell. The durations 
(3.9, 5.9, 8.9, 12.9, 20.9, and 30.9 sec) represent the effective stimulus 
duration, namely, the integral over time of AH divided by the peak AH. 

Three exposures (not judged) were given at the start of each session to 
acquaint the subject with the stimulus. Thereafter, one of the intermediate 
combinations of intensity and duration was presented, and the subject 
assigned it a number that seemed to him most appropriate to stand for the 
degree of cold he experienced at the end of the exposure. This judgment 
was not counted. To the 36 subsequent exposures he assigned numbers in 
proportion to the degree of experienced cold (method of magnitude esti- 
mation). The order of presentation was irregular with respect to intensity 
and duration, and was different in every session. The interval between 
exposures was variable and dependent on the subjects report that he had 
returned to a state of subjective thermal neutrality. Intervals typically 
ranged from about 30 sec after the least intense, shortest exposure to several 
minutes after the most intense, longest one. Each of 14 subjects took part in 
po such sessions on different days, judging the same set of stimuli bol 

ays. 

How skin temperature declined with the magnitude and duration of AH 
was determined in subsequent measurements on six of the subjects. Each 
of the six levels of AH was presented for 30 sec, and skin temperature was 
monitored continuously with the chopped-beam radiometer; intervals of 
50 to 300 sec, depending on the preceding level, separated presentations. 
Each level was presented twice in the session. 


RESULTS AND DISCUSSION 


Cold as a function of stimulus intensity 


The geometric means of the magnitude estimations of cold are 
plotted in Figure 2 as functions of the decrease in irradiance (AB) 
from the level that produced thermal neutrality. For each of the si* 
(constant) durations, cold (ip) turned out to vary as a power fin 
tion of AH, according to the equation 


y = k(AH) . 


Sensations of cold produced by changes in radiation of the body con 
form, therefore, to the power law (S. S. Stevens, 1961). The pare 
meters k and 8 both depend on duration: the size of k (reflected by 
the ‘intercepts’ in Figure 2) increases with duration, but the size © 
(the slopes in Figure 2) decreases. Table 1 lists these constants 35 
determined by the method of least squares. 
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Table 1. Parameters of the equation y = k(AH)B where AH is in mW/cm: 


Duration (sec) B k 

3.9 1471 011 

5.9 1.44 042 

8.9 1.34 078 

12.9 1.98 115 
20.9 1,22 18 
30.9 1.18 23 


30.9 
20.9 
12.9 
8.9 
5.9 


3.9 


seconds 


5 10 20 50 
AH, mW/cm? 


Fig. 2. Magnitude estimation of cold as a function of the magnitude of the 
ecrease in irradiance (AH); the parameter is the duration of stimulation 


That B was always larger than 1.0 (range: 1.2 to 1.7) means that 
cold magnitude grows as a positively accelerated function of AH. 

he corresponding exponents for warmth are smaller; for durations 
shorter than about 12 sec, warmth grows as a negatively accelerated 
function of increases in irradiance (Marks and Stevens, 1968). Figure 
3 Compares directly, in linear coordinates, how cold and warmth de- 
Pend on stimulus intensity for an exposure duration of 6 sec. 

The family of cold functions in Figure 2 tends to converge, on extrap- 
lation, to a common point corresponding to AH of roughly 1 W/cm? 
(4 magnitude not physically realizable). In contrast, the analogous 
family of warmth functions tends slightly to diverge. The longer the 

uration, the larger the size of the exponent of the power function 
that relates warmth to increase in irradiance. 
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Fig. 3. How warmth and cold depend on the magnitude of the change (in- 
crease or decrease) in irradiance ( AH), for 6-sec exposures; data on warm! 
from Marks and Stevens, 1968 


The present exponents for cold are somewhat larger than the one 
(8 = 1.0) obtained with contact stimulation of 3.14 cm? of the fore- 
arm for 3 sec (Stevens and S. S. Stevens, 1960). In contrast, the 
exponent for warmth is much larger for a small skin area than for 
a large one (Stevens and Marks, 1971). The dependence of the 
exponent on area reflects an important property of spatial summation 
of warmth, namely, its dependence on level. Should it turn out that 
the exponent for cold does not vary with area, then it is probable 
that the rules that govern spatial summation of warmth and of cold 
differ considerably. Much remains to be learned, however, about how 
cold depends on the locus and areal extent of stimulation. 


Cold as a function of stimulus duration 


Figure 4 shows the estimates of cold, here as functions of duration. 
At all levels of AH, the magnitude of cold increased regularly an 
markedly with time. Cold grows as a positively accelerated function 
of stimulus level (see Figure 3), but as a negatively accelerated fun 
tion of duration. The relative size of the increase in cold magnitu! e 
over time changed with stimulus level (a fact implicit in the con- 
vergence of the family in Figure 2). For example, at the lowest level. 
cold increased by more than 60096 between 3.9 and 30.9 sec, but at 
the highest level by less than 300%. The absolute increase in cold was, 
however, much larger at the highest stimulus level. Negatively ace 
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erated time curves have also been proposed by Bujas (1939), who 
obtained various combinations of intensity (cooled air blown on the 
forehead) and duration that matched for apparent cold. (Bujas's 
results suggested, however, that cold sensation ceases to grow after 
about 8 sec.) 


cold 


o 5 10 15 20 25 30 
seconds 


Fig. 4. Magnitude estimation of cold as a function of the duration of stimu- 
lation; the parameter is the magnitude of the decrease in irradiance (AH) 


The time course for warmth is quite different (see Figure 5). At 
the two highest stimulus levels presented, warmth increased modestly 
with duration. Lower levels gave little or no increase in warmth, and 


there was a suggestion of a small rise and subsequent fall at the 
lowest levels. 


Relation of cold to skin temperature 


Changes (decreases) in skin temperature ( AT,) were read from 

e continuous records at 3-sec intervals. Arithmetic averages of the 
changes at six of the intervals are plotted in Figure 6 as functions of 
AH. (Averages at other intervals were omitted to improve clarity.) 
The points can be fitted fairly well by straight lines that pass through 
the origin. This outcome supports the contention that the thermal 
havior of the skin was passive during stimulus exposure: it is not 
likely that blood flow changed significantly during stimulation at any 
Intensity, for example. 
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Fig. 5. Magnitude estimation of warmth as a function of the duration of 
stimulation; the parameter is the magnitude of the increase in irradiance 
(AH); data from Marks and Stevens, 1968 


4% °C 


Coren, M 20 S 30 
AH, mW/cm* 


Fig. 6. The decrease of skin temperature (AT,) as a function of the magni- 


tude of the decrease in irradiance (AH); the parameter is the time ter 


onset of stimulation 


The averages of AT, are plotted in Figure 7 as functions of Mae 
tion. The curves have been drawn to pass through the points predicte 
by the straight lines in Figure 6. The shapes of the curves a 
ficially resemble those that relate cold to duration (Figure 4), Le 
unlike the rise of subjective cold with time, the changes 1 a 
temperature are proportionally the same at all levels of stimu 
intensity. 
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o 5 o 15 20 25 » 
seconds 


Fig. 7. The decrease of skin temperature (AT,) as a function of the time 


onset of stimulation; the parameter is the magnitude of the change in 
irradiance (AH) 


The estimates of cold are plotted once again in Figure 8, this time 
as functions of the decreases in skin temperature (AT,) that were 
produced by the various combinations of level ( AH) and duration. 
For small values of AH, the results fall close to a single curve, mean- 


E AT,C 
ae 8. How cold relates to the decrease of skin temperature (AT,) pro- 
ced by different combinations of stimulus magnitude and duration 
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ing that to a first approximation, cold correlates well with AT,, re- 
gardless of whether AT, was brought about slowly or quickly. With 
higher and higher levels of AH, however, the correlation tends more 
and more to vanish. In other words, the more intense the stimula- 
tion, and concomitantly, the more rapidly the skin is cooled by a 
certain amount, the more intense the experience of cold. 

In contrast to the finding that mild cold correlates well with super- 
ficial skin temperature is the fact that warmth sensations, whether 
intense or mild, fail to correlate well with skin temperature. Figure 9 
shows how warmth depends on the values of AT, that are produced 
by various combinations of irradiance and duration. A solid line shows 
how warmth grows with increasing AT, over time under a constant 
level of irradiation. A dashed line shows how warmth grows with the 
increasing AT, that is produced by increasing the level of constant- 
duration stimulation. Change in skin temperature alone does not 
predict warmth magnitudes at any level of stimulation. At all levels 
of irradiance, the more rapidly the skin is heated by a certain amount, 
the more intense is the warmth sensation. 


o 5 1o 15 20 25 30 


Fig. 9. How warmth relates to the increase of skin temperature (AT.) Hes 
duced by different combinations of stimulus magnitude and duration; dis 
from Marks and Stevens, 1968 


Proximal stimulus for thermal sensation 


Both cold and warmth depend in complex ways on the intensity 
and duration of radiant stimulation. Furthermore, induced changes 3? 
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skin temperature fail to provide consistent correlates to the magni- 
tudes of thermal sensations. For warmth, Marks and Stevens (1968) 
found two hypotheses to be consistent with their results. The first 
hypothesis, originally suggested by Hendler, Hardy, and Murgatroyd 
(1963), states that warmth depends on the difference between the 
temperature at two critical depths in the skin—at approximately .2 
and 1.0 mm below the surface. Since the nature and location of the 
receptors for warmth remain obscure, this hypothesis remains a 
possibility. But such a hypothesis appears extremely unlikely for cold, 
if Hensel and Zotterman's (1951) and Hensel and Witt's (1959) results 
for the cat's tongue can be extended to the human perception of cold. 
They obtained responses from a cold receptor when the tongue was 
cooled, regardless of the direction of temperature gradient. 

The second hypothesis of Marks and Stevens involved an appeal to 
adaptation in the warmth system. Temperature changes produced by 
rapid heating yield greater warmth than identical changes produced 
by slower heating. That result is consistent with the assumption 
that continuous adaptation serves to offset the effect of continuously in- 
creasing skin temperature, for rapid heating would provide less op- 
portunity for adaptational processes to come into play. A similar 
hypothesis could help to account for the way cold depends on skin 
lemperature. However, Figure 8 makes it clear that this hypothesis 
would be required only for the highest levels of intensity, when the 
initial rate of skin cooling is relatively large. Any hypothesis about 
the relation between cold and skin temperature will have to take into 
account the difference between the results for low and for higher 
levels of stimulus intensity. 


Functional significance of the time course of cold sensation 


Even at low intensities, perceived cold increases steadily as exposure 
continues. This marked and continuous rise in the sensation of cold 
may provide early signals of impending danger to the well-being of 
the organism. With long-duration cooling, mean body temperature 
falls markedly and continuously; in contrast, with long-duration heat- 
ing, mean body temperature rises slowly, then asymptotes within 
about 30 min or less (Hardy and Stolwijk, 1966; Stolwijk and Hardy, 
1966). This is because vasoconstriction is less effective than vasodila- 
tion and sweating as a means for maintaining constant internal body 
temperature. Continuous cooling is therefore a greater threat to the 
organism than is continuous heating. This difference appears to have a 
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parallel in the different time courses for the sensations of cold and 
warmth. 

The discomfort produced by thermal stimulation also appears to 
obey different rules depending on whether the discomfort is produced 
by cooling or by heating (Stevens, Marks, and Gagge, 1969). The 
exponent of the power function that describes the rate of growth 
of discomfort produced by cooling the skin (1.7) is more than twice 
as large as the exponent (.7) that describes discomfort produced by 
heating the skin. The larger exponent for cold discomfort may signify 
the greater threat posed by body cooling. 


Notes 


This research was supported by Grant AFOSR-70-1950 with the Air Force 
Office of Scientific Research. Requests for reprints should be addressed to 
Dr. L. E. Marks, John B. Pierce Foundation, 290 Congress Avenue, New 
Haven, Connecticut 06519. Received for publication July 14, 1971. 
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ANNOUNCEMENT 


NSF Chautauqua-type Short Courses for College Teachers 


The American Association for the Advancement of Science has announced 
that the third annual program of NSF Chautauqua-type Short Courses will 
begin in October 1972. There will be places for 2,000 participants, with ten 
courses being offered at each of 12 Field Centers located throughout the country. 

"Topics cover a wide range of fields in the natural and social sciences, mathe- 
matics, and engineering. Most of the courses are interdisciplinary in nature, M- 
cluding the applications of mathematics to college teaching. 

The courses consist of two days of intensive classwork at one of the centers, 
followed by approximately three months of independent research or study, and 
ending with another two-day session for discussion of the work performed and 
general synopsis. 

The announcement brochure of the 1972-1973 program can be obtained by 
writing to NSF C-T Courses, AAAS, 1515 Massachusetts Avenue, N.W., Wash- 
ington, D.C. 20005. 
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IMPLICIT CONTOURS IN THE ZOLLNER ILLUSION 


K. G. White 
University of Otago, Dunedin, New Zealand 


For Zóllner illusion figures with dotted background lines, the magnitude of 
illusion systematically decreased as dot separation increased. It is suggested 
that the dotted lines function as implicit contours and that the perceptual 
enlargement of the implicitly defined acute angles contributes to the over- 
all illusion. 


Many of the classical geometrical illusions consist of a number of 
lines intersecting at acute angles. The spatial distortion occurring 
in these figures is primarily a function of the angle size, and it ap- 
pears that as the number of angles increases so does the overall il- 
lusion (Piaget, 1969; Wallace and Crampin, 1969). That is, the 
illusion can be considered as the sum of effects of the individual an- 
gles In general the magnitude of a single acute angle is overesti- 
mated, and in this respect the geometrical illusions can be regarded, 
at a descriptive level, as instances of the perceptual enlargement of 
acute angles (Berliner and Berliner, 1948; Day, 1965; Wallace, 1966). 

It would seem then, that a satisfactory explanation for the illusions 
should mainly concern itself with the contrast effect produced by a 
single acute angle. Does this require specifically defining an angle 
in terms of the intersection of explicit lines? Would acute-angle 
enlargement still be a useful descriptive concept if it were found 
that the illusion persists for implicit contours? 

The present experiment examined the relationship between line 
‘density’ and the magnitude of the Zéllner illusion for figures with 
dotted inducing or background lines. The choice of the Zöllner il- 
lusion was suggested by its relationship to acute-angle enlargement 
(White, 1971). 


METHOD 


—Stimuli—Each of the four stimulus figures (see Figure 1) comprised a 
Series of background lines spaced 15 mm apart and inclined at 15 deg to 
the horizontal. In one instance the l-mm-wide background lines were con- 
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tinuous. Otherwise, the background lines comprised rows of dots 1 mm in 
diameter and placed either 5, 10, or 15 mm apart. The circular stimulus 
field was 15.5 cm in diameter. Two l-mm-wide test lines were superim- 
posed on the background and could be varied in tilt. The test lines were 
40 mm apart at the fixed left-hand end, and adjustment of a wheel by the 
subject could effect their simultaneous convergence or divergence. The 
luminance of the figure was approximately 35 mL. 


— Subjects and procedure—Eight male and two female subjects with a 
mean age of 20.5 years served. The seated subject monocularly viewed the 
figure placed in the frontoparallel plane at a distance of 60 cm. Before each 
judgment the test lines were obviously divergent, and the subject was 
instructed to position the two lines so that they d od as though they were 
parallel. After each judgment the test lines were returned to the divergent 
position and a new background pattern was inserted. Each subject made 
five adjustments for each of the four figures. In addition, estimates of the 
zero error were obtained from five judgments made when the test lines 
were superimposed on a blank background. In order to balance the effects 
of practice over time, presentation of the background patterns was ran- 
domized over blocks of five. Different random orders were used for each 
subject. The magnitude of illusion was measured in terms of the angular 
deviation of the upper test line from the horizontal. The horizontal was in 
turn defined for each subject as the zero error. 


ILLUSION MAGNITUDE (deg) 


Fig. 1. Magnitude of illusion as a function of dot separation for the Züllner 
illusion drawn with continuous background lines (À) or with dotted lines 
(B, C, D) 


RESULTS AND DISCUSSION 


For each subject the mean zero error was subtracted from the mean 
estimate of parallel obtained for each illusion figure. Analysis © 
variance revealed that the effect of dot separation [F(3, 27) = 142.98, 
p < .001] was highly significant. Figure 1 shows mean illusion mag 
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nitude as a function of dot separation. As the dot separation increased 
the illusion's magnitude systematically decreased. 

The present result supports the notion that dotted lines function 
as implicit contours. In this respect, the stimulus figures used in the 
present experiment can be said to contain acute angles, the perceptual 
enlargement of which contributes to the overall illusion. 

Geometrically, a straight line can be considered as a row of dots 
with zero separation. The criterion for when a line is not a line is 
given by a certain dot separation, dependent on the nature of sur- 
rounding implicit contours. In the present instance the surrounding 
contours were virtually unrecognizable as such when the dot separa- 
tion was 15 mm, that is, when it was equal to the perpendicular dis- 
tance between adjacent contours. An implicit line can also be defined 
between two single dots. For thus-dotted Müller-Lyer and Poggen- 
dorff figures, the illusion is reduced (Coren, 1970). Dotting a line 
results in a decreased overall intensity of the corresponding explicit 
contour and a diminished illusion, perhaps in the same way that 
contrast reduction results in reduced illusion magnitude (Wickelgren, 
1965). Similarly, the contrast effect of an acute angle decreases with 
decreasing dot density of the implicit contours defining it. 

Ganz (1966) attributes interaction between spatially adjacent con- 
tours to lateralinhibitory processes in the visual system. Despite 
the inability of the lateral-inhibition model to account for the effects 
of judgmental variables on illusion magnitude (Over, 1969), the 
model directly predicts the contrast effect in acute angles as well as 
diminished illusion with a reduction in contour intensity. Requisite 
to the production of lateral inhibition, however, is the presence of 
explicitly defined contours. Dots do not seem to generate inhibition 
(Békésy, 1968), and the inhibitory model cannot thus be applied to 
the interaction between implicit contours. Yet, the evidence for fea- 
ture analyzers in the visual system suggests that a model for the 
geometrical illusions which utilizes the inhibitory and excitatory prop- 
erties of orientation and angle detectors in the human visual cortex 
is not beyond consideration—especially if the information provided 
by implicit contours is found to be equivalent to information gen- 
erated by low-intensity explicit contours. 


Notes 


Received for publication June 28, 1971. 
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ORTHOGRAPHIC DISTINCTIVENESS AS A 
VARIABLE IN WORD RECOGNITION 


Eugene B. Zechmeister 
Loyola University, Chicago 


Of low-frequency words scaled for orthographic distinctiveness, the structur- 
ally interesting or unusual (high distinctiveness) words were 

better, and were chosen less often when used as distracters, than words 
rated not distinctive in orthography. Confidence judgments in correct recog- 
nition responses were significantly affected by the presence of a distinctive 
test distracter, Orthographic distinctiveness may be encoded as part of the 


memory for a word, 


There is compelling evidence that a frequency attribute dominates 
recognition-memory performance (Underwood, 1969; Underwood and 
Freund, 1970). On the other hand, it is obvious that frequency may 
not be the only attribute by which discrimination between ‘old’ and 
‘new’ test words is accomplished. Depending on the nature of the 
task material and retention test, other attributes may serve to facili- 
tate discrimination or to contribute additional cues by which one may 
judge the correctness of the recognition decisions he has made. 
For example, as an extreme case, if the study items are of one class 
of words (say, nouns) and the items used as distracters represent 
another word class (say, adjectives), this word characteristic could 
= one’s recognition performance over and above that allowed 

y differential situational frequency. 

A recently investigated ice s of verbal items is orthographic 
distinctiveness (Zechmeister, 1969). Distinctive orthography is de- 
fined as those structural characteristics of a word that make it physi- 
cally unusual or interesting. Correlates of orthographic distinctive- 
hess include low bigram totals, instances of rare letter combinations, 
and variant typography. For example, of 150 five-letter, low-frequency 
words rated for distinctive orthography, the words xylem, sylph, and 
Phlox were rated as very distinctive, whereas the words parse, scone, 
and poser were not. 

The present study considered whether distinctive orthography would 
lead to differential recognition performance when high- and low- 
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distinctiveness words served as both study and distracter items. That 
is, it was assumed that words of very distinctive orthography would 
be recognized better, and be less likely chosen distracters, than words 
rated as not distinctive. Furthermore, confidence ratings were taken 
to investigate whether orthographic distinctiveness is related to ex 
pressed certainty in correct recognition judgments. 


METHOD 


— Lists—All items were chosen from 150 low-frequency words (appeari 
12 times or less per 18 million according to Thorndike and Lorge, 1944. 
that had previously been scaled for distinctiveness of orthography (Zech 
meister, 1969). List construction was done this way. From the 150 words 
rank-ordered according to mean distinctiveness ratings, every other 

was selected to make two sublists of 75 words. If the original list is com 
sidered as representing five arbitrary levels of distinctiveness (30 words in 
each of five levels in order of mean ratings), then the two sublists had 15 
words in each of these five levels. The original 30-word groups in order of 
high to low orthographic ratings and their corresponding ranges were: 
group I, 7.09-5.54; group II, 5.53-4.97; group II, 4.94—4.58; group IV, 
4.57-4.14; and group V, 4.13-3.06. 

For each sublist, 12 words were randomly taken from both the I and V 
groupings to serve as study items, and 36 items from levels I, III and 
were randomly selected (12 each) to serve as filler items. The words were 
assigned to the study lists such that filler items occupied the first six 
last six places in each list; the 24 test items and the remaining 24 
items were randomized with the restriction that six high- and six low- 
distinctiveness words appear in each of the two within-list blocks of 24 
study items. No more than two high- or two low-distinctiveness stut 
words appeared consecutively, Therefore, two different 60-item study 
were constructed, and each was presented in forward and reverse order to 
different subjects. 

Construction of the test lists involved random pairing of the 12 high- 
and 12 low-distinctiveness study items from the two study lists to achieve 
four types of study/distracter test pairs (high-high, high-low, low-high, 
low-low). Two different 24-pair test lists were derived in such a way 
that no two words of a test pair had the same initial letter and that no 
two pairs were the same between test lists. Words in the test pair were 
presented one above the other, with half of each of the four types of t 
pairs having the study item in the top position, and half in the bottom 
position. Ordering of the test lists was done so that the 24 test pairs (six 
each of the above combinations of study and distracter words) represented 
two blocks of 12 items, each of these test blocks measuring responses 
half of the first and half of the second study-block items under (equal num- 
bers of) each of the four test conditions. No words were tested consecu- 
tively that appeared in the study list contiguously. 


Therefore, eight independent test groups were defined by factorially com 
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bining the two study lists with two orders of study-list presentation (forward 
or backward) and two test lists. Within each group, the subjects were 
tested for recognition from 24 pairs of old and new items, each representing 
one of the four study/distracter conditions detailed above. 


—Procedure—A slide projector was used to present both study and test 
lists to small groups of subjects. Presentation rate was 2 sec, with test pairs 
shown for 8 sec. The subjects were told that their memory for words would 
be tested and that they would see a long list of words, each shown singly 
for a brief time. They were advised that the words were uncommon Engl 
words and that it was not important if they did not know the meaning 
for many of them. Before the recognition test, they were given a sheet 
numbered from 1 through 24 with the letters T and B in the first two 
columns for indicating the top or bottom word in the slide pair as the one 
reviously seen. Also, next to the space for the recognition response was à 
ve-point scale for marking confidence in each recognition choice. All 
subjects were told to work quickly and to circle both a letter and a number 
for each test pair. Time between study and test procedures was approxi- 
mately 3 min. 


—Subjects—The eight conditions represented by the factorial arrangement 


of the between-group variables (study lists, study order, and test lists) 


were randomly assigned to time slots and the subjects signed up in small 


groups for the experiment according to the various times available. All of 
the subjects were introductory psychology students. At least eight of them 
were in each test session; additional e fona were randomly dropped to 
provide equal Ns of eight per test group. 


RESULTS 


The overall design was a 2° mixed factorial with within-subject 
comparisons on word-distinctiveness conditions, However, since list 
and order effects add no information for an understanding of the 
present findings, between-group effects will not be considered further. 
Also, since recognition involved a forced choice from paired alter- 
natives, scores for any individual could vary from 0 to 6, with chance, 
of course, .50, Therefore, most scores ranged from 3 to 6 and an 
arcsine transformation was made of the number of correct recognition 
responses before an analysis of variance. 

Figure 1 shows the percentage of errors made in each of the four 
conditions achieved by combining high- and low-distinctiveness study 
items with high- and low-distinctiveness distracter words. Total num- 
ber of errors made by all 64 subjects was 189, or only 12.30% of the 
Possible recognition choices. Analysis of the number of correct recogni- 
tion responses showed that both study and distracter words were 
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significant as main effects [F(1, 56) = 5.95, p < .05 for study items, 
and F(1,56) = 10.33, p < .01, for distracter items]. The interaction 
between study and distracter items was not significant (F = 1.15), 
although Figure 1 suggests a tendency in that direction. Since errors 
for the pairs containing two high-distinctiveness words were very few 
overall (they represented only 15.31% of the total errors made), this 
apparent ceiling on number correct may be partly responsible for 
the failure to obtain an interaction, 

Mean confidence ratings of correct choices for the four types of 
test alternatives were 4.31 and 4.20 for high-distinctiveness study 
words paired with high- and low-distinctiveness distracter items, 
and 4,30 and 4.11 for low-distinctiveness study words with high- and 
low-distinctiveness distracter items. The effect for orthographic dis- 
tinctiveness of distracter items was highly reliable [F(1, 56) = 11.62, 
p < 01]. Subjects were significantly more confident of their recogni- 
tion decision when the distracter was a structurally unusual word. 
The effect for distinctiveness of study items was not significant, nor 
was the interaction. 


STUDY ITEMS 
low distinctiveness — — — — — 


m 
o 
T 


high distinctiveness 


PERCENT ERRORS 


low distinctiveness high distinctiveness 


DISTRACTER ITEMS 


Fig. 1. Percentage of recognition errors for each of four conditions achieved 
by combining high- and low-distinctiveness study and distracter items 


Errors increased minimally as a function of testing. The increase 
in errors across all conditions was only .67% (F < 1) for second-ha 
test performance over that for the first 12 test pairs. However per 
centage of errors was significantly less for items from the first study 
block than for those from the second block of study words (10.41% 
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versus 14.19%; F = 7.78, p < .01). Although the number of errors 
was small, this effect suggests that items appearing late on the study 
list were less well encoded than items first presented. Both the homo- 
geneity of the study items and the rather rapid presentation rate may 
have contributed to this deterioration. 


DISCUSSION 


When recognition is required for low-frequency words, perform- 
ance is remarkably high, and significantly superior to that obtained 
when high-frequency words are used (Schulman, 1967; Shepard, 1967; 
Underwood and Freund, 1970). In part, better recognition performance 
for the low-frequency items has been attributed to the reduced 
opportunity for implicit associative responses to occur to unfamiliar 
words and hence affect frequency of study and test alternatives 
(Underwood and Freund, 1970). It has also been suggested that low- 
frequency words are easier to recognize because of unusual structure 
(Schulman, 1967) or simply because they are ‘strange’ (Shepard, 
1967). When only low-frequency items are considered, the present 
results confirm the notion that the physical appearance of a word 
may contribute to differential recognition performance. Furthermore, 
since a mixed list was used, employing several levels of rated dis- 
tinctiveness, it is unlikely that the present findings reflect a contrast 
effect during study. However, the reliable effect for orthographic dis- 
tinctiveness of distracter items, both in terms of reduced recognition 
errors and increased confidence, demonstrates that the presence of 
a structurally unusual word during testing aids discrimination. When 
given a choice, a subject may be influenced more by what he is sure 
the correct word is not than by the characteristics of the ‘old’ item. 

It seems reasonable to suggest that ‘distinctiveness’ may be a mem: 
ory attribute encoded with the target experience. For example, it is 
not uncommon to hear someone remark that he has forgotten a 
certain person’s name but that he is sure it is an ‘unusual’ one. By 
this reasoning, the implicit response of ‘strange,’ ‘never seen that 
before, ‘unusual,’ or such may be elicited by orthographic charac- 
teristics and encoded and stored as part of the memory for that 
event. A concomitant cue in this situation may be difficulty with pro- 
nunciation, since distinctiveness of orthography is inversely related 
to pronunciability (Zechmeister, 1969). 
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Notes 


Thanks are due to Jack McKillip for assistance in both data collection and 
analysis. Received for publication June 18, 1971; revision, August 11, 1971, 
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THE EFFECTS OF CONTEXTUAL CHANGES 
ON COMPONENT RECOGNITION 


Frank DaPolito, Douglas Barker, and Joseph Wiant 
University of Dayton 


Triplets of verbal items were followed by tests for recognition of one of the 


items, the other two items (context) being intact, permuted, removed from 


display, or replaced by new items. Recognition was best when the test bci 
pecific 


text was identical to that during training. The data seem to reflect s| 
retrieval processes, especially the generating of codes from the test item 
and the comparing of those codes against multiple representations in memory. 


A fundamental variable in the retrieval of items from memory is 
the completeness with which the original pattern of stimulation is 
presented during the tests. McGeoch (1942) has reviewed a number 
of experiments which demonstrate that recall performance clearly 
depends on the degree to which the training stimuli are reinstated 
on the tests. Similarly, experiments involving alterations in “incidental 
background stimuli have produced substantial reductions in the re- 
call and relearning of paired associates (Peterson and Peterson, 1957; 
Weiss and Margoulis, 1954). Moreover, experiments using a free- 
recall paradigm have shown that the introduction of ‘cue’ words 
during the test phase may either facilitate or inhibit the recall of 
individual words (Postman, Adams, and Phillips, 1955; Tulving and 
Pearlstone, 1966; Bower, Clark, Lesgold, and Winzenz, 1969). 

Although the evidence about the effects of altered test conditions 
on recall and relearning is quite substantial, experimentation with 
verbal materials and other measures of retention, particularly recog- 
nition, has only recently been reported. (Light and Carter-Sobell, 
1970; Tulving and Thomson, 1971). The present experiment was 
an attempt to extend these recent findings by examining how con- 
textual changes might produce variations in the correct recognition 
of verbal ‘units’ previously presented in a compound display. 


METHOD 


—Subjects—The subjects were 60 introductory psychology students who 
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participated in the experiment to fulfill a course requirement. 


—Apparatus and materials—A two-channel tachistoscope (Scientific Pro- 
totype 800F ) was used to present the training and testing stimuli. The train- 
ing materials consisted of three decks of white 5-by-8-in. cards. In all, there 
were 21 cards per deck, each card containing a triplet composed of three 
three-letter units typed in black; each letter was 3 cm wide and 5 cm high. 
The triplets were centered in the visual field so as to form a 3-by-3 matrix 
of letters, 

Each card in deck 1 contained three common English three-letter words 
selected at random from Underwood and Schulz (1960, Appendix D). Each 
of the cards in deck 2 contained three CVCs taken from the same source 
(Appendix A) and randomly selected from those having Glaze ciation 
values between 60% and 88%. Similarly, each card in deck 3 consisted of 
three CCCs, also from the same source (Appendix B) and randomly se- 
lected from those with association values between 63% and 88%. In all 
decks the triplets were constructed with the restriction that no triplet con- 
tain three items with a common first letter. F; inally, there were two replica- 
tions of each set of materials. 


SERM essentials, the design employed two exposure durations (1 

sec and .1 sec), two replications of materials, three classes of stimulus ma- 
terials (words, CVCs, and CCCs), and nine test conditions. The variable 
of exposure duration involved between-subject comparisons, whereas stimulus 
class and test condition were within-subject comparisons. Since the two 
replications yielded essentially identical data, the results were collapsed 
over this variable for subsequent data analysis. 

For a given subject, the session consisted of three successive study/test 
cycles, so that he was tested on all three sets of materials. Of the possible 
six orders of presenting the materials, one of these was randomly chosen 
for each subject. 

During the study period, the triplets were exposed for either 1 sec 
(30 subjects) or .T sec (30 subjects). The order of presenting the cards 
was permuted for each subject. Also, the two replications of stimulus ma- 
terials were counterbalanced for exposure durations, 

Apart from offering Opportunities for contextual manipulations, the 
stimuli were presented in triplets to increase the likelihood that a subject 
would rehearse the triples units together during the 5-sec intercard inter- 
vals. The tenfold difference in exposure duration was an attempt to vary 
the amount of feature sampling and Subsequent storage during the inter- 
card intervals (pilot data showed no differences between .5- and l-sec 
exposures). More important, the procedure required attention to each 
unit (word, CVC, or CCC) of the triplet, since the subject could not know in 
advance which of the three units would be tested. This obviates, in part, 
the problem of subjects' using variable self-instructions, which is very likely 
when incidental (uninstructed) background cues are used, as in previous 
studies of context. Also, of course, the context was comprised of units in 
the same class of materials as those to be tested, rather than being the non- 
verbal units (such as colors or shapes) that are commonly used in paired- 
associate experiments. Thus, problems related to differential attention and 
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difficulty between the probed item (target) and contextual cues were 
minimized. 

On test blocks, the subjects viewed triplets (21 cards) and single-unit 
stimuli (6 cards), each card being exposed for 5 sec. Each test card con- 
tained a large (2 cm) black dot that was placed approximately 10 cm to 
the right of the target unit. The subject gave a recognition response (yes, 
no) and a confidence judgment (1, 2, 3, or 4) for each marked item. No 
informative feedback was provided during test cycles, and the order of 
presenting the cards was rerandomized for every five subjects. 

Of the nine conditions of testing, five involved tests of ‘old’ items pre- 
sented during the study period. More (sapone a target item (word, 
CVC, or CCC) was tested under one of five conditions. In the old-context 
condition, all of the items of the original triplet were presented. In the 
mixed-context condition, one of the untested items of the test triplet was 
old and the other was ‘new.’ (The two possible ways this could happen 
were balanced over replications. Also, the old context item and the t 
were in their original serial sitions.) In the new-context condition, 
target item was tested with both of the original context items being re- 
placed by new items from the same stimulus population. In the permuted- 
context condition, the order of the original context items was permuted in 
the test display. In the removed-context condition, the target item was 
tested in datis (a single-unit stimulus—just one word, CVC, or CCC). 


original serial position. In -context condition, one of the untested 
items in the display was old and the other new, with the same restrictions as 
the mixed-context condition above. In the new-context condition, all three 
items in the display were new. In the removed-context condition, the new 
item (word, CVC, or CCC) was tested in isolation. y 

On a given test cycle, there were three replications of each of the nine 
test conditions. Also, in each test deck the serial position of the target 
item was totally counterbalanced within context conditions. 


—Procedure—The subjects were run individually in a single session, which 
took approximately 25 min to complete. These instructions were read to 
each A 
This is an experiment in recognizing what you have already seen. 
You will first be shown three sets of cards, with three items on each 
card. When you are ready, a light will expose each card to you for 


have seen all the cards, you will be shown more cards with a dot 
next to one of the items. Or you will be shown a card with a single 
item on it. If you recognize this marked item or the single item 
as one you have seen before, answer "yes" on the answer sheet. 
If you do not recognize the marked or single item as one you have 
just seen before, answer “no” on the answer sheet. Next to each 
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answer space are four boxes numbered 1 to 4. For each answer 
you are to evaluate your certainty about the yes/no answer you 
have given. If you were "sure" that you had either seen or not seen 
the target item previously, circle box 1. If you were "pretty sure," 
circle box 2. If you doubted that your answer was right, circle 
box 3. If you were guessing, circle box 4. You will therefore mark 
à yes/no answer and a certainty estimation for each test card pre- 
sented to you. Do you have any questions? 

Next, the subjects got two practice trials to familiarize them with the 
apparatus, test method, and confidence-rating procedure. They then had 
a study/test cycle on each of the three types of material. Before each ex- 
posure there was a verbal ready signal. For 30 subjects ( group 1) each 
stimulus card was presented for 1 sec, while the remaining 30 subjects 
(group 2) received a .1-sec exposure. For all subjects there was a 5-sec 
interval between presentations. On test cycles, each test card was pre- 
sented for 5 sec, with a 5-sec intercard interval during which each subject 
marked his answer sheet with a response and a confidence judgment. 


RESULTS 
Recognition of ‘old’ items 


The proportion of old items recognized (hit rates) are summarized 
in Table 1. Entries are made for each combination of test-context 
condition, exposure duration, and class of materials, Each proportion 
was obtained by pooling over 30 subjects and three replications. 


Table 1. Proportions of ‘yes’ responses to old target items in each test 
condition 


Test condition 


Type of Old Mixed New Permuted Removed 

material context context context context context 
Group 1 (1-sec exposure) 

Words .86 63 .60 .65 79 

CVCs 78 53 67 62 69 

CCCs 68 .60 49 56 61 
Group 2 (.1-sec exposure) 

Words 64 58 AT 66 67 

CVCs 60 AT .60 56 55 

CCCs 53 48 46 48 63 


Visual inspection of the table shows that recognition for the sub- 
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jects in group 1 was best when they were tested with the original 
context and that any changes from the original display reduced rec- 
ognition accuracy. Removal of contextual cues, however, appears to 
have been less detrimental to recognition accuracy than either the 
replacement of old components with new ones (mixed and new con- 
texts) or the permutation of old context items. For both words and 
CCCs, recognition was least accurate in the new-context condition. 

In contrast to that for group 1, the pattern of results for group 2 
appears to have been different and more variable across materials. 
Changes from the old-context condition did not necessarily reduce 
recognition; in fact, for consonant trigrams, removal of context com- 
ponents may have enhanced recognition. Equally apparent is the 
fact that for word trigrams the removal or permutation of context 
components did not greatly alter performance as evidenced by the 
old-context baseline. However, as in group 1, the mixed- and new- 
context conditions indicated that word recognition may be disrupted 
when new components are presented in the test context. Finally, ex- 
cept for the permuted-context condition, the recognition of CCCs 
was extremely close to chance (.50). Apparently the recognition of 
CCCs by group 2 was greatly disrupted by the presence of any ad- 
ditional components in the test display. 

An analysis of variance on the uncorrected raw scores for old items 
showed that the performance of group 1 was superior to that of 
group 2 [F(1,58) = 1107, p < .01]. Also, the nature of the ma- 
terials proved to have a significant effect [F (2, 116) = 8.55, p < .01]. 
Similarly, there were significant differences among the test-context 
conditions [F(4, 232) = 8.25, p «.01]. Only the interaction of ma- 
terials and context was significant [F (8,464) = 2.15, p < 05]. A 
Newman-Keuls analysis was performed on the main effects of ma- 
terials and context. This confirmed that the three materials (words, 
CVCs, CCCs) were significantly different from each other (p <.05), 
with words being the most accurately recognized and CCCs least. 
The old and removed contexts did not differ from each other, nor 
did the mixed, new, and permuted contexts. However, both old and 
removed contexts were significantly different (p <.05) from all 
three changed-context conditions. 


Recognition of ‘new’ items 


Table 2 summarizes the data on new items for each exposure group, 
each test condition, and for each class of materials. Although the data 
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were somewhat variable, the results suggest that of the three types 
of materials, the recognition of new words was least affected by the 
condition of testing. With CCCs and CVCs, however, the new- 
context condition definitely facilitated recognition of new items. 
There also appears to have been no systematic pattern of differences 
between the old- and removed-context conditions. 


Table 2. Proportions of 'no' responses to new target items in each test 
condition 


Test condition 


Type of Old Mixed New Removed 
material context context context context 
Group 1 (1-sec sure) 
Words e 58 68 64 63 
CVCs 59 62 eral 52 
CCCs 52 56 .70 64 
Group 2 (.1-sec exposure) 
Words 63 63 61 56 
CVCs 54 61 .79 62 
CCCs 59 57 66 62 


An analysis of variance on the new responses showed no significant 
effect due to exposure duration nor any significant interaction con- 
taining exposure duration as one of its terms. However, there was a 
significant context effect [F(3,174) = 6.643, p < .01]. There was 
also a significant interaction of materials and context [F(6,348) = 
2.989, p < .01]. A Newman-Keuls test on the main effect of context 
showed that the new-context condition was significantly better 
(p < .05) than any of the other three conditions, which did not differ 
among themselves. 

The analysis of recognition in terms of signal-detection theory 
yielded a pattern of results very similar to that obtained with hit 
rates. Consequently, these data are not presented here. 


DISCUSSION 


The recognition of components of a compound display was clearly 
influenced by the stimulus conditions during tests. In general, the 
effects of contextual changes appeared more sharply with longer 
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stimulus exposures during training and with the more ‘unitary’ stim- 
ulus materials (words and CVCs). As always, a first set of data such 
as these is subject to multiple interpretations, a few of which are 
outlined below. 

In many respects, the results appear to be consistent with traditional 
stimulus-response interpretations of contextual variation (Pan, 1926; 
McGeoch, 1942; Postman, Adams, and Phillips, 1955). In brief, this 
formulation explains the effects of contextual change in terms of three 
principles: (a) cue additivity, which suggests that the presence of 
multiple cues improves performance by providing a more effective 
eliciting stimulus, (b) cue reduction, which postulates that the removal 
of effective cues reduces performance, and (c) cue inhibition, which 
suggests that the introduction of new cues may disrupt performance 
due to the generation of strong competing responses. One possible 
point of discrepancy between our results and this view is that in group 
1 the permuted-context condition produced lower recognition than the 
removed-context condition (cue reduction). Although the order of the 
contextual components was changed in the permuted-context con- 
dition, their presence should have provided some cue value. Finally, 
the expectations for recognition of ‘new’ items in various contexts are 
not explicit in this theory. 

A recent and more complete development of association theory in 
terms of variable encoding responses has been proposed by Martin 
(1968). According to this view, any stimulus has the capacity to elicit 
a set of perceptual or encoding responses and each encoding then 
activates an association (response) if one exists. Now if, during 
presentation in the experiment just reported, the triplet components 
evoked encoding responses (which are essentially beyond the ex- 
perimenters’ control), it is likely that the manipulations of the test 
context changed those original encoding responses. Thus, the present 
method may have differentially reinstated the subjects’ encoding re- 
sponses as well as the nominal stimulus conditions. 

Extrapolating from Martin’s formulation, then, the alterations of 
context might have reduced recognition performance in at least two 
ways: (a) by preventing the arousal of encoding responses originally 
elicited by the contextual components and perhaps associated with the 
target component or its encoding responses and (b) by arousing novel 
encodings that were not recognizable as recent events and masked, 
changed, or interfered with the codes generated by the target item. 
Since these different encoding responses might be viewed as producing 
changes in context beyond the changes in the nominal stimulus con- 
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ditions, the largest decrement in recognition should occur for old i 
tested in the new-context conditions. Also, changing the order of tj 
contextual units, as in the permuted-context condition, might be exe 
pected to alter the subjects’ encoding responses to the target item a 
reduce recognition. Similarly, the recognition of new items embed 
in various context conditions might be influenced by the rela 
familiarity of encoding responses to context items. 

In general, both theories outlined above seem to offer reasonab 
interpretations of the effects of altered stimulating conditions on recog 
nition. However, a more complete explanation of contextual effect 
may require explicit representations of what the subjects extract and 
store, as well as of how the retrieval process contacts ‘traces’ deposited — 
by prior experience. The present results suggest that under the test — 
conditions used here, the recognition response is based upon some | 
weighted combination of (a) the total pattern of stimulation present, 
(b) the particular features (acoustic, semantic, and so on) of the - 
target component being tested, and (c) the characteristics of the un- 
tested elements in the display. 

Depending on the type of learning materials involved, it might b 
assumed that subjects extract and store, in a certain proportion of 
cases, representations of the whole pattern or triplet (whole-pattern 
representations) as well as representations of the individual units or 
parts of units (component representations), given that a subject has. 
had enough time for multiple sampling from the stimulus display. 
multiple representations may enter separate ‘stores’ or ‘dictionari 
which can be searched independently of one another. Thus, depending 
on how much encoding or ‘feature extracting’ was possible, and the 
fore, on how much was stored at each ‘level of integration, 
straints may be placed on the type of retrieval processes possible. 

From this ‘multiple dictionary’ hypothesis, one might surmise that 
when the subjects were tested under the removed-context condition 
in the present experiment, they were forced to retrieve on the basis 
of component representatives—to do so whether or not they had à 
representative of the whole pattern stored. Also, during their retrieval 
attempts, there were no context items present to influence their search - 
process or to ‘weight’ or ‘bias’ their final recognition response. Con- 
sequently, even with long sampling times, one might expect an inter- 
mediate level of performance for component recognition in the re- 
moved-context condition. 

At the other extreme, the original pattern of stimulation was pre- 

sented on tests for items in the old-context condition. In this case, the 
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subjects could attempt retrieval in at least one of the two modes, 
depending on the degree of ‘multiple dictionary’ representation in 
storage. (For the present we will not speculate as to whether alter- 
native retrieval modes might occur serially or in parallel.) First, the 
subjects might attempt to match the test stimulus by searching on the 
basis of the whole-pattern representation, since from a successful 
pattern match, they could infer that the component unit was ‘old’ 
Failing this, they could attempt retrieval on the basis of 
components or subunits and find a match in this mode. Also, if they 
used the component mode in the old-context condition, there were no 
irrelevant context components in the test display to interfere with 
searching or to negatively bias their final recognition decision. Thus, 
one might expect the best recognition performance in the old-context 
condition, insofar as both pattern and component representations were 
stored. This would be expected with longer exposure durations and 
with more meaningful stimulus units. 

In contrast, correct recognition responses in the case of items tested 
in the mixed-, new-, and permuted-context conditions could not be 
successfully produced on the basis of whole-pattern recognition. Since 
the test display was a triplet, the subjects might sometimes attempt 
to search in this mode, but these attempts should simply waste 
retrieval time. Thus, under these conditions of testing, the subjects 


search and decision processes, one would expect recognition per- 
formance to be lowest under these conditions. 

Although the ‘multiple-dictionary registration" hypothesis presented 
above is rather incomplete, it may serve as an initial theoretical 
description of the subjects' behavior in the present experiment. 


Notes 

The authors express their gratitude to W. Gilson for in the col- 
lection of the data. Received for publication June 2, 1971; August 
11, 1971. 
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Kinesics and Context: Essays on Body Motion Communication 
By Ray L. Birdwhistell Philadelphia: University of Pennsylvania Press, 
1970. Pp. xiv, 338. Paperback, "17 è 

Ray Birdwhistell is an anthropologist who for more than 20 years has taken 
as his focus of interest the phenomena of human communication. His concern 
is with the patterns of human behavior that people manifest when com- 
municate, and his aim is to describe these patterns. who 
recognizes that communication is mediated by a lex system of behavior 
that includes speech, movement, and the relations of the communicators to 
the physical environment, is to be regarded as one of the earliest 
of what has been distinguished (Duncan, 1969) as the ‘structural’ a 
to communicational behavior, and as such, he has had an important 
upon a number of workers in this field." His main focus, however, has been 
on the way that body motion functions in communication. In his attempts 
to set this topic on a systematic footing, he is a pioneer, and for many years 
he was the only scholar engaged in the task. The book reviewed here brings 
together Birdwhistell's more important writings. Hitherto, these were hard 
to obtain, so the appearance of this volume is very much to be welcomed. 

The newcomer to Birdwhistell should be forewarned. Anyone who 
this book expecting to find in it a coherent exposition of role of body 
motion in communication will be disappointed. If he is looking for iod 
ical and methodological guidance, however, he may derive much. Bird: 
tell is not a systematic writer. In these essays he shows us something of what 
a systematic study of communication behavior might look like, and he 
provides the foundations for an approach to the subject that will be of 
value if properly understood and applied; in places throughout the book we 
get brilliant observations on communicational behavior. We do not get a 
well-worked map of the territory. Despite some reviewers, however, I see 
no reason why we should have ted such a map. It is only within the 
last five years that anyone other hak Birdwhistell If, besides a mere 
handful of workers, has even begun to take this field seriously. 

The book is not easy to read. Though Birdwhistell at times writes with 
simplicity and force, he is often dense, technical, and abstract. To understand 
what he ‘is saying, the reader must often work rather hard, especially if he 
is unfamiliar with the approach. In this review I shall try to summarize what 
T take to be the most important features of Birdwhistell’s approach, and I 
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shall contrast his to that commonly taken by psychologists who have 
interested t in body motion. I then deal with Birdwhistells 


more specific statements on kinesics. In doing this I not only to provide 
a guide for those who would read this book Per hh 
er eam RORIS MERDA which b caly met teal 
ning to take but one which will, when applied in earnest, prove to be 
of considerable 


interested in the phenomena of face-to-face communication 
in in the order or pattern that can be observed in 
the ways in which people relate their behavior to one another when they 
are in each other's presence. For him thís order or pattern ís communication: 
we talk omnem oo Phe n it as a complex and 
sustaining system various mem! the society interrelate 
——— —À 12). The aim of a science of 
in SM I He systeratic description of 
systems of behavior by which this interrelatedness is brought about. For 
Birdwhistell, thus, communication is not something that we may or may not 
CUM Une mt do of our oem 
are in the presence of another, to the extent that there 
an interrelation between our behavior and that of the other, to this 
is on. For Birdwhistell, communication is to. 
be viewed as a system with a structure that can be described independently 
of the behavior of particular participants. Particular participants, on given 
occasions of interaction, might be said to make use of this system. The aim 
of Birdwhistell's endeavor is to give us an account of this system. 

This systemic view of communication is not original with Birdwhistell 
It received an earlier formulation in the work of Gregory Bateson, to whom 
Birdwhistell acknowledges his debt. It is implicit in the views of such 
a linguists as Sapir and Kenneth Pike and others.’ Birdwhistell 
gives it a expression in this book, however, and he shows clearly 
what its implications are for a methodology for the study of communicative 


By this systemic view of communication, anything that anyone does in 
the presence of another must be considered as potentially part of the system. 
Speech and gesture, and orientation, touch and relative position in 
space—all must be into account if we are to comprehend communica- 


| 


be to show what aspects of behavior are not of the system. As Bi 
whistell says of body motion, “all of the observed shifts of the human body 
are not of equal ione to the human communicational system. . - - 
Which particular viors are of patterned communicative value... Can 
be determined only by the systematic investigation of the behavior in the 
communicational context....Our problem is to describe the structure of — 
body motion communication behavior in a way which allows us to measure 
the significance of particular motions or complexes of motions to the com- 
municational processes" (pp. 76-77). 
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of 
establish and maintain rela! are just as important as those 


that transmit new information from one nm to another. 


language alone or on. body motion alone 


ly b 
the system, and until — e the other parts is 


our understanding of 
sense to speak of ‘verbal communication’ and 


There is only communication, a system of behavior patterns 
are related to one another, This does not prevent us from 
different aspects separately, and indeed it proves useful to 


aint. Birdwhistell’s original and still 

y body motion in communication, yet he is 
and that the decision to study it separately is 
convenience, 


The focus, then, is on what behaviors people 


when they interact, Since we do not know what 
look and see. Most often, an investigator with 
gather records on film or video tape of 
to one another and then, by patient and 
describe the elements of behavior that occur 
are patterned in relation to 
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however, nor does it presuppose the nature of their rules of patterning. These 


may be quite different from those that may be found in language 
In recent years many psychologists have become interested in what is 
often rather unfortunately ref to as ‘nonverbal communication,’ and 


they are thus looking at many of the same phenomena that interest Bird- 
whistell. However, almost all who are wor ing in this area differ from 
Birdwhistell in that they use an experimental approach. They also ask a 
different kind of question. It may help to show in more detail what the 
nature of this difference is. I will do this by contrasting the way ‘facial 
expression’ has been traditionally investigated in a with the 
approach to the same phenomena that Birdwhistell would follow.* 

In the psychological approach to the study of the face, there are two 
pec methods that have been followed.* On the one hand, subjects have 

laced in situations in which they have been presented with various 
stimuli presumed to arouse different emotions, and the behavior of their 
faces has been recorded in the hope that the patterns appearing there would 
differentiate in a reliable way the different stimuli presented. In the other, 
more common à ich, the question has been whether people can reliably 
distinguish facial expressions in terms of different emotions the faces are 
to be expressing. The usual method here has been to present 
Subjects with photographs of faces in various poses and to ask them to 
label the photographs in terms of the emotions supposedly being expressed. 
A number of o methods have been used from time to time, Put in all of 
this work, it will be noticed, it is assumed that the various poses that we can 
observe on the faces are expressions of emotion. The ultimate interest of 
almost all workers in what is by now a very long tradition has been in the 
emotions. Interest in the face seems to be limited to the extent to which it 
can indicate the inner affective states of the person whose face it is. In the 
experiments in which le are asked to make judgments of photographs 
of faces, accordingly, the subjects are always directed to consider od at 
the faces are expressing emotion. 

In Birdwhistell's approach, one begins not with an interest in the emotions 
but with an interest in the face itself. One would ask first, What are the 
various things the face does? One would then proceed to determine, by 
careful observation, the various settings in which repeatedly observed units 
of facial behavior can be seen to occur, and the question would always be, 
What functions for the interaction do these differentiable units of facial 
behavior have? From this point of view, in other words, the question of what 
inner state is su edly made manifest in the face is not relevant. What is 
relevant is what difference different facial displays make to the organization 
of the occasions of interaction in which they occur. 

Remarkably little research on facial behavior from this perspective has 
been carried out. There is some research on the infant smile, summari 
by Bowlby (1969), in which the role o£ the smile in promoting the mother/ 
child interaction has been examined. Van Hoof (1962, 1972), Blurton-Jones 
(1967), and Grant (1968, 1969) have reported observational studies of 
facial (and other) behavior in which the principal interest is in its signaling 
function. Most of this work has been on children of nursery-school age: 


Rosenfeld (1966) and Reece and Whitman (1962), working within an | 
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mental approach, have led studies of the influence of smiling on 
ior aspec ts dl psrsction Birdwhistell himself, in the book here reviewed, 
offers an essay on the smile. In it he points out how the smile in itself is a 
highly complex phenomenon, with a wide of social functions, and 
that to consider it merely, in his phrase, as a ^ transform 
ysiological state" would be to miss entirely its significance 
de He also refers, in various places in the book, to how movements 
the face may be brought into play in association with speech, and 
these movements, along with movements of the head and limbs, 
complex relationship both with the structuring of the speech as an 
and also with its content. Facial displays can serve to mark 
emphasis in speech, they can serve to mark off whole segment 
distinct units or as contained or embedded units, and they can 
a sort of commentary on what is being said. If we watch the faces 
too, we can see that nods, smiles, frowns, raised eyebrows, appear 
in some circumstances and are an rone oe of the 
listeners’ behaviors and serve to regulate the vior of the speaker. 
no systematic data are offered by Birdwhistell, his occasional observa! 
are enough to make it clear that work along these lines will be 
illuminating. 
Bird whistell, concerned as he is with the interactional use of rs 


differently in different societies, has expressed the view that there are no 
facial expressions that have the same social meaning all over the world. 
Specifically, he says also that there are no universal epum of emotional 

ression. Ekman (1971) and Eibl-Eibesfeldt (1970), from E 

erent perspectives, have recently challenged this view. (1971 
has gone to considerable lengths to demonstrate that different emotions can 
be reliably recognized from still pho of differently posed faces in 
the same way in a number of widely di societies, On the basis of 
these and certain other studies, he claims that are distinctive patterns 
of muscular activity in the face that are characteristic of different emotions 
and that these patterns are universal, of the expressive equipment we 
Bre all bom with. Ekman claims that i pug, Riser ny ie co 
stitute a refutation of Birdwhistell, who, he says, “cannot admit the possibility 
of universals in facial expression and maintain his major central that 
facial and body behavior is a language” (Ekman, 1971, pp. 2-3). — 

In reply to this, there are two points to be made. In the first place, it should 
be clear that even if there are “universal forms of emotional this 
would not mean having to give up the idea that “facial and body behavior 
isa "Wm e.” As I have tried to make clear, Birdwhistell's use of the lin- 

istic level of analysis and his adaptation of linguistic terminology reflect 

is view that it is appropriate to study the behaviors that are in com- 

munication as a system in its own right. There is no logical reason we cannot 

adhere to this level of analysis and recognize that some features of this system 
are not specific to any given culture. y 

Secondly, it should be pointed out that Ekman's investigations follow the 

_ traditional approach—that he is interested in the face only insofar as it 

Seems to allow one to apprehend the inner states of the individual. He does 
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not ask, as Birdwhistell would, How is the face used in interaction? Nor 
do his findings contribute to any answer to this. When Ekman uses the 
phrase 'expression of emotion, he uses it in the traditional sense that the 
emotion is something ‘inside’ the individual that ‘comes out’ on the face in 
a particular way. Birdwhistell, on the other hand, approaching behavior in 
terms of its communicative function, rarely discusses emotion as such, He 
provides no explicit analysis of the concept, but from his perspective it would 
seem that his concept of emotion would be quite different from Ekman's, 
Birdwhistell would describe emotion not as an inner state but as a form of 
behavioral relatedness between individuals. Those displays that we have 
traditionally called displays of emotion he would describe not in terms of 
what they express but in terms of how they function in interactions. That is, 
affect displays would be seen as displays that bring about certain kinds of 
adjustments in the behavior of others, adjustments distinet from adjustments 
that occur in association with other kinds of signals. From this int, 
it may well turn out that the forms of facial display that Ekman (and also 
Eibl-Eibesfeldt) find to be universal are bie. oe fn embedded in inter- 
actional sequences in characteristically different ways in different cultures, 
so that something like Birdwhistell's original statement may still turn out to 
be correct. As it is, Ekman himself recognizes that societies differ in the 
kinds of rules they have to govern the display of feeling, rules which include 
rules about what kinds of facial display a person may use in different situa- 
tions. A final resolution of this difference between these two investigators 
will come only when we have a much better understanding of the signaling 
function of the face, on the one hand, and, on the other, a much 
understanding of what ‘emotion’ is, not from the standpoint of its hysiology, 
but from the standpoint of its place in interaction. In all probability, it will 
turn out that there is much less difference between Ekman and Birdwhistell 
than there appears to be. At the moment, it seems likely that they differ 
mainly because they are not really talking about the same things. 


Birdwhistell is very insistent that we can never state the meaning of a 


behavioral unit except in terms of its place within a context. It may be true 
that whenever we see a certain facial expression, no matter what the context, 
we can be sure that the person who shows it has a certain inner state. In 
this case, there is a sense in which we can say that ‘facial display X means 
inner state Y.’ But this is only one kind of meaning, and it is not the 
of meaning with which Birdwhistell is concerned. For him, to ask what a 
given unit of body motion ‘means’ is to ask what its use is. Questions such 
as, What does it mean when a person smiles? or What does it mean when à 
person raises his fist and shakes it back and forth? can only be answered by 
giving a list of the environments in which these forms are generally seen. 
In other words, we can answer these questions in terms of the range of use. 
Birdwhistell says that his realization that even ‘well-known’ gestures like 
the army salute depend on their context for their meaning in any instance 
was an important step toward his view that gesture and other aspects of 


to the view that some aspects of body motion, at least, could be seen to be 


organized in a way that is analogous to language. This view is perhaps best 


expounded through an example. 


Pody motion could profitably be approached by linguistic methods. He came 
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If we see a man lift his clenched fist and move it forward and 
back two or three times, we cannot conclude, as we might be tempted to, 

someone. 


He may be engaging in a pictorial gesture, as he describes someone he 
knows as being tightfisted. His raised and shaken fist may be his reply to a 
question about what a mutual acquaintance did in a certain situation (with 
this gesture he makes a statement which in this context means something 
like $e was very tough’). The shaken fist as a 'gesture of anger' is only one 
among many of its uses; and even as a ' of anger,' it may not mean 
‘I am angry’ but rather "he was angry,’ or ‘I would be angry if . . . ,' or "I was 
angry then,’ or even ‘I mean anger, not fear.’ 

Now, in all of these cases, not only is the general context of the ptam 
of this gesture different, but also the gesture itself, the raised and fist, 
is only one element within a configuration of several elements, a tion 
which is different in each case. the raised fist appears in the salutation, 
for example, it may be accompanied by an openmouthed 
smile and raised eyebrows (a facial display common in situations). 
When the raised fist appears to illustrate the idea of ti it may 
be accompanied by the statement "he was tighi ' the speaker's 
brows fully raised and his lower and upper eyelids drawn together to pro- 
duce ‘slit eyes." When it appears as a gesture meaning ‘I am angry, it may 
occur with the head tilted forward and with the brows drawn over the 
bridge of the nose, the mouth closed and the lips tightly together 
and slightly rolled inward. Each of these cases in other ways, too, 
such as in the position of the fist in relation to the head: in the ‘angry’ case, 
it was held rather close to the face of the fist shaker; in the salutation example, 
it was held above the head, somewhat to the right, while the body of the 
person was facing at right angles to the person he was saluting. 

These examples show how a complex statement made in body motion 
alone or in body motion and accompanying utterances can be made up of 
a number of separable elements. The raised clenched fist is one such element. 
The various facial displays that can accompany it are other such elements. 
These facial displays can also occur in other contexts, independently 
of fist shaking, and indeed consideration of these facial elements will show 
that they themselves are combinations of elements of facial behavior that can 
occur separately. In describing the behavior of the face, it is convenient to 
consider at least the brows, the muscles around the eyes, the eyelids, the 
nostrils, and the mouth as separable ‘areas of articulation,’ each one of which 
has its own repertoire. Facial configurations then arise from different com- 
binations of elements in these repertoires. It is worth noting that though 
Birdwhistell was the first investigator to try to deal with the face in ed 
way, similar but quite independent attempts were made by van an 
(1962) for primate faces and by Ex and Kendon (1964). More recen! id 
Grant (1969) has erm descriptions of different faces along simi 
lines, and Ekman’s visual ‘dictionary’ of facial elements observes some of the 
same principles (Ekman, Friesen, and Tomkins, 1971). , 4 

The basic idea I have tried to illustrate in the discussion above is that 
different parts of the body can be viewed as having repertoires of elements 
and that these elements can occur together in different combinations to 
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produce more complex configurations. These more complex configurations, 
such as the gestural statements described above, can themselves be seen 
to behave as units and to occur in complex relationships with each other. 
It will be further seen that these more complex units are truly ‘emergent’ 
units, in that the alteration of only one element may completely alter the 
whole complex. 

The idea that we can talk of elements of body motion that occur in dif- 
ferent combinations, combinations which themselves behave like elements 
in other combinations, is one of the most central ideas in Birdwhistell's 
conception of kinesics. The Lade with pau developed in structural 
linguistics will not be missed, and Birdwhistell has tried hard to develop this 
parallel in some detail Thus he suggests that the smallest elements be 
referred to as kinemes, named in direct analogy to phonemes. A kineme, for 
Birdwhistell, is a class of movements whose members may vary among them- 
selves, but this variation is not such as to make a difference to the larger units 
of which it is a part. Thus, in any two examples of a facial display that 
includes raised brows, let us say, so long as the facial display is ‘the same" 
in function despite any actual difference in the degree to which the brows 
are raised in the two cases, then, in the terminology Birdwhistell has devel- 
oped, the two cases of brow raising may be regarded as allokines of one 
another and raised brows in general as a name, Other examples of kinemes 
here would be knitted brows and puckered brows. Birdwhistell provides a 
list of many of the kinemes he has established, though unfortunately he does 
not give any detailed data about them. 

Kinemes, in Birdwhistell’s conception, combine in various ways into con- 
figurations that he calls kinemorphs. The various facial displays I described 
above in the examples of the raised fist are examples of the sort of thing 
Birdwhistell means by kinemorphs. The total configuration, fist plus facial 
display, which I called a ‘gestural statement,’ is a combination of kinemorphs, 
which Birdwhistell would call a kinemorphic construction. 

Such gestural statements or kinemorphic constructions as ‘fist shaking in 
salutation’ or ‘fist shaking to illustrate tightfistedness’ occur, of course, in 
larger contexts, and to handle these Birdwhistell suggests some additional 
ideas. If we think of the ‘fist shaking to illustrate tightfistedness,’ for instance, 
we note that this construction occurs in association with a linguistic con- 
struction that, in a very loose sense, it may be said to illustrate. Prior to 
this, and following it, other linguistic and Kinesic constructions may occur, 
all, for example, while the speaker is sitting in a particular posture in an 
armchair that is at an angle of roughly 90 degrees to another armchair in 
which another person is sitting. In other words, this linguistic-kinesic con- 
struction occurs within a conversation. When people ‘have conversations,” 
they arrange themselves in space in relation to one another in one of a 
limited number of ways, and the sustained postural and orientational arrange- 
ment here functions as a frame within which the succeeding constructions 
are seen to occur. This frame serves to bind together such sequences of 
constructions. It serves to cross-reference them, as Birdwhistell would put 
it, as constructions belonging to this conversational unit. For the individual, 
Birdwhistell uses the term stance to refer to those features of behavior that 

have this cross-referencing, binding, or framing function. Some of the 
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phenomena at this level of functioning in the kinesic stream have been 
explicated more fully by Scheflen (1964). 

A stance, it will be seen, is not à construction of smaller elements but 
an element in its own right, an element which, as I have indicated, func- 
tions to ‘frame’ sequences of constructions. It is important that this be 
brought out, for some readers of Birdwhistell get the impression that he 
regards all of body motion, as it functions in communication, as being built 
up of elementary units, or kinemes. On the contrary, the constructions that 
do emerge from combinations of kinemes sud be joined together and 
they must always occur within a ‘transfixing’ frame, which is supplied by 
such enduring aspects of behavior as posture and relative position in space. 

Birdwhistell also recognizes some other aspects of body motion that 
cannot be handled in terms of constructions. For example, he points out that 
although we may describe a piece of an individual's behavior in inter- 
action in terms of a succession of constructions (together with the frames 
within which these construction sequences occur), there is also considerable 
variation in how these units are enacted. We all recognize this in an informal 
way. When we recognize a ‘weak handshake’ or a ‘vague smile, for in- 
stance, we recognize the occurrence of a construction for what it is, but we 
also remark on the quality of its performance. Birdwhistell thus distinguishes 
motion qualifiers, which refer to the intensity, the duration, and the range 
of movement in a construction. These qualifiers may inform the whole of a 
person’s performance (and thus may signal something that we call ‘mood’). 
They may also inform different constructions in different ways and in doing 
so they may thus modify the meanings of given constructions. For instance, 
X may shake hands ‘vigorously’ with Y, but ‘limply’ or ‘briefly with Z. In 
doing this he may be said to ‘state’ differences in his attitudes or feelings 
about Y and Z. 

In the exposition above, I have tried to deal with what seem to me to be 
the most important features of Birdwhistell’s conception of how body motior 
is organized in interaction. Most of Birdwhistell’s ideas on this particula 
aspect of the phenomena of communication are to be found in chapter 2X 
of the collection under review. This chapter represents his most compre 
hensive attempt to state, in a systematic way, his views on the organizatio 
of body motion, and it well repays careful san Unfortunately, howevet 

e most important ideas h 
gives no examples at all. For this reason, the chapter is very difficult to read 
It is of the greatest value—as is indeed the whole book—to those who hav 
already worked in kinesics. However, this chapter opens with a super 
analysis of a specific interactional event in which two young men try t 
‘thumb a ride’ from a passing car. More than anything else in 
this example should give the reader a clear feel for the sort of analys 
Birdwhistell seeks to advocate. Birdwhistell would have done his readers 
much greater service, however, if he had provided many more Spent [ 
this type, using them to show just how the concepts he develops in the al 
stract are to be applied. ; 

The phenomena Birdwhistell exemplifies in greatest detail have to do wi 
how movement is patterned in relation to speech. He aj parently sees th 
as a somewhat separate phenomenon, and it is something he has only look 
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at closely in recent years. Part Three of the present collection includes three 
papers on this topic. 

For example, when someone speaks, he always moves more than just 
his mouth. We can see eyeblinks, eye movements, brow movements, and 
movements of the mouth that are not part of the articulatory movements re- 
quired by what is being said. We may often see head movements, and not 
uncommonly, other parts of the body, such as the hands and arms, are 
moved as well. These movements are highly patterned, and a close analy 
shows that they are so highly interlinked with speech that they must 
considered as part of a total act which includes speaking. 

The way in which these movements relate to speech is a very complex 
matter, and no simple statement can be made. It may be shown, for in- 
stance, that syllabic units, phrasal units, and units of speech comprised of 
groupings of poem are all marked off in distinct ways by movement units. 
This aspect of the phenomenon referred to by Birdwhistell has been demon- 
strated in detail in some recent work of my own (Kendon, 1972). How- 
ever, movements that co-occur with speech also relate to the content of 
what is being said in quite complicated ways. People may parallel their 
speech output with gesticulations to illustrate what they are saying, either 
by drawing pictures in the air of what they are talking about or, if they are 
talking about something abstract, by making movements that appear to 
make partially concrete their abstract talk (as when someone, in making a 
succession of points in an argument, places his hands in a succession of 
different places in front of him as he talks, a new place for each point). 
Some of these aspects of the relations between gesticulation and speech are 
treated by Efron (1942). They have been summarized recently by Ekman and 
Friesen (1969). 

In the present collection, Birdwhistell does not deal in detail with either 
of these two examples of ways in which movement may be related to speech 
(although he is, of course, aware of them) but rather with two aspects 
of how movement may mark some of the internal details of the utterance, 
These two aspects are linguistic stress, which he shows is also often marked 
kinesically, and the kinesic marking of certain syntactic classes. 

In his treatment of linguistic stress, Birdwhistell shows, by a series of 
examples, how contrastive movements can often be observed to co-occur 
with the points of linguistic stress in an utterance. Such movements may 
be very slight and consist in small movements of the brows, eyeblinks, or 
slight movements of the head. It is important to note that Birdwhistell does 
not mean, as some (Dittman and Llewellyn, 1969, for example) have thought, 
that there will be ‘more movement at points of stress than elsewhere. There is 
movement all the time. What Birdwhistell means is that there will be a con- 
trasting fne of movement at points of stress. If the reader attunes himself 
to this phenomenon by working through Birdwhistell's examples—by repeat- 
ing the utterances in front of a mirror, or by getting a friend to say them— 
he can easily confirm for himself much of what Birdwhistell is saying about 

kinesic stress. Systematic analysis, of course, which will be the only way 
Birdwhistell’s finding can be further investigated, requires the use of sound- 
synchronized film and suitable film-analysis equipment. 

The contrast in movement, or the discrete movement unit that co-occurs 
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with poas of stress in an utterance, is not merely contrastive, however. 

iistell shows that there may be a systematic relation between the 
direction of movement and the kind of word receiving linguistic stress. Thus 
in utterances in which the pronouns ‘I’ or ‘me’ or such deictic words as 


movement toward the self. With similar] stressed words such as ‘you’ or 
that, the mo! 


‘him’ or with words such as ‘there’ or ^ 


ment if they refer to the past. Birdwhistell also says that movement contrast 
can be shown to mark plurality, the tense of verbal phrases, and also 
prepositions. Once again, if the reader works with the examples Birdwhistell 
gives, and so attunes himself to the phenomenon, he can pick some of 
it as he watches others i Systematic analysis using film and 
analysis equipment is muc needed, however. Examples of some of these 
kinesic marker phenomena are described in some detail by Kendon (1972). 
The movements that co-occur with speech often have multiple functions. 
In all the examples Birdwhistell gives—examples of movements that func- 
tion both as markers of stress and as markers of types of hrase—the 
movements appear as a kind of arallel to the speech output. Often, how- 
ever, such movements actually add to what is being said. One example from 
my own collection must suffice here to illustrate this. A husband, at the end 
of the day, was sitting in the living room talking with his wife in a 
way about what the children had done during the day. At one point he 
said: "They made a cake, didn't they?" (He was referring to something 
he had been told by one of the children earlier, that the had made a cake 
of mud in the garden.) As he said ‘cake,’ this received not only pd 
linguistic stress but also kinesic stress, in a rightward tilt of the 1 
The tilt of his head was toward the window overlooking the garden. The 
direction of the head tilt thus built into the utterance a reference to where 
the cake had been made and hence to the mud cake the children had made, 
not some other cake. Part of what was conveyed by his utterance was thus 
conveyed not in words or tone of voice but in the directionality of the 
kinesic stress marker that co-occurred with his words. By the way à speaker 
patterns his movements with his speech, therefore, he may 'pack in' far 
more content than is apparent if we consider the words alone. Examples 


In various places in these essays, however, we can find remarks that suggest 
that this may not be Birdwhistell’s view. I have already said that Bird- 
whistell appears to regard the patterning of movement in relation to 
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shunt to one side those elaborate demonstrative or pictorial movements 
that people use when they describe something: a man describing how he 
played and landed a trout, for example. Birdwhistell says, "At the moment 
I am inclined to regard such behavior as examples of derived communica- 
tional systems. As such, they are not the prim subject matter of kinesics 
at present" (p. 126). Birdwhistell thus implies that kinesics deals with only 
a part of communicatively significant body-motion phenomena. However, 
he never makes clear, in so many words, what this is. Presumably this 
would become apparent as the study of the whole system of communicative 
behavior progresses. 

It seems likely that ultimately we will have to think of the system of 
human communicative behavior as analyzable into a number of subsystems, 
subsystems distinguished in terms of which aspect of an occasion of inter- 
action they ‘take care of.’ For a conversation, for example, one aspect would 
be the conversation as an occasion. By a variety of behavioral devices, each 
participant will signal to the other that he is a member of the conversational 
unit. Another aspect of the system will have to do with the situational role 
each participant has in the conversation, and another set of behavioral devices 
will refer to this. Yet another aspect of the system will have to do with ideas or 
thoughts or stories that the participants are conveying to one another. Each 
of these interactive systems will be seen as making use of one or more 
of a number of available codes, of which language is the most obvious 
example. 

There are also a number of body-motion codes, however. The pattern- 
ing of movement in relation to speech that Birdwhistell describes may be 
one of them. The postural system that Scheflen (1964, 1965) has described 
might be regarded as another. The system of kinemorphs and kinemorphic 
constructions that Birdwhistell refers us to may be yet another. Specialized 
sign languages constitute additional ones. Each of these codes has emerged 
in response to a somewhat different demand made by the interactional 
situation, and it presumably will be found to have properties tailored to 
match. The principles by which one of these is organized will not neces- 
sarily be generalizable to another. These codes, it should be noted, are 
probably best thought of as separable only in the analytic sense. In prac- 
tice they are interrelated in highly complex ways, which are far from being 
understood. 

Such is the view of the organization of communicative behavior implied 
by Birdwhistell. It seems to me, at least, that the picture which finally 
emerges will look something like this. But whatever the details of that 
picture turn out to be, there is little doubt that it will owe much to the 
perspective Birdwhistell provides, and for this reason, if for no other, his 
writings deserve careful study. 

To conclude, I must return to the book itself, Unfortunately, taken as 
a whole, it is not very satisfactory. This is because the editor, Barton Jones, 

has tried to make a coherent whole from an assemblage of very diverse pieces. 
He has done this by arranging the papers in topical groupings and omitting 
passages that are repetitive, Sometimes he has forged a new chapter by 
putting together different papers. The result, however, is not a book, but a 
collection of fragments. These fragments, furthermore, are not presented 
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to us in chronological order, even within the topical sections. So it is im- 
possible to follow the development of Birdwhistell’s thinking. Yet, if we 
compare earlier papers with the later ones, it is clear that. Birdwhistell's 
thinking has evolved considerably, particularly in regard to his view of the 
nature of communication. 

If the reader tries to read the book consecutively, therefore, he will come 
across a number of inconsistencies. Unfortunately, these are nowhere ex- 
plained. For example, Birdwhistell’s use of the term kine undergoes a 
change. The use he makes of this'term in chapter 26 (written about 15 
years ago) is different from the use he makes of it in papers written later— 
notwithstanding the fact that these papers appear earlier in the book. Some 
editorial apparatus to iron out these problems is badly needed. There are 
also many inconsistencies between the bibilogra hy in the back (in itself 
a very useful one) and references in the text. There is no index, which is 
especially unfortunate in this book, for in order to trace Birdwhistell's views 
on a given topic it is necessary to jump around in the text. In view of the 
importance that I believe Birdwhistell’s views have, these drawbacks are 
unfortunate, especially because he is often far from easy to understand. 
Nonetheless, had it not been for the insistence of PNE Goffman (the 
coeditor of the series in which this book is published) an the work done 
by Barton Jones, we might never have had these papers in print. For this 
we must be very thankful. 


Adam Kendon, Bronx State Hospital, New York 


Notes 


1. Others who share this perspective and who have been influenced by 
Birdwhistell include Erving Goffman (1963, 1971), Albert Scheflen (1964, 
1965), and E. T. Hall (1959, 1966). 

2 See Bateson and Mead (1942) and Reusch and Bateson (1951). 
Bateson, with Margaret Mead, also pioneered the use of film for the record- 
ing and analysis of human social behavior, which was to become a central 
technique in Birdwhistell's methodology. For the work of Sapir, see Mandel- 
baum (1963); for that of Pike, see Pike (1967). 

3, I do not mean to imply that all psychologists who have worked on 
‘nonverbal communication’ have been concerned ‘with the emotions. How- 
ever, as Duncan (1969) has pointed out, in most of this work the investigator 
looks for how the particular behavioral parameters he is interested in cor- 
relate with, and so can be regarded as indexes of, other aspects of the 
psychological state of the subjects. For example, most of the work on 
direction of gaze in interaction has been of this type: typically, measure- 
ments are made of how much a person Jooks at an interlocutor and these 
are then related to such things as amount of liking or degrees of embarrass- 
ment. Alternatively, some aspect of the behavior of one interactor is sys- 
tematically varied, and an effort is made to find out how someone else’s 
judgment of the individual is affected, These are questions of a different 
sort from those asked in Birdwhistell's perspective. 

4. For a recent comprehensive review, see Vine (1970). 
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5. In Birdwhistell's words, “ "What does X mean" translates as 'How do 
you know the place of this phenomenon in that larger pattern you are 
describing? It is this question that the methodology of kinesics is de- 
signed to answer" (p. 185). This view that the meaning of an item is 
accounted for when we have described its context of occurrence is widely 
held in linguistics. Compare, for example, W. Haas (1956, quoted in Wal- 
dron, 1967, p. 207): “To... what is the meaning of (say) house? we 
shall answer: It is its distinctive occurrence in certain linguistic frames, 
or (as I would prefer to say) in certain sentential functions such as (using 
x, y, Z, etc., to mark positions) This x is big, I wish to buy a y, John's z, ete. 
House may be substituted in x, y, z., etc.; that is its meaning." In some 
ways, Birdwhistell's view of meaning is closest to that known as the context- 
of-situation theory, originally stat by Malinowski (1923) and later de- 
veloped by J. R. Firth (1957). 

6. Birdwhistell has dealt with all areas of the body, of course, not just 
the face. Two of his notational systems are given as appendixes to the 
volume here under review. 
^ a See also the work of William Condon (Condon and Ogston 1966, 

967). 
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Entropy and Art: An Essay on Disorder and Order 


By Rudolph Amheim. Berkeley and Los Angeles: University of Califo 
Press, 1971. Pp. 64. $4.50. 


This is a very short essay in which the author discusses such concepts 
entropy, information, and probability, homeostasis, tension 
duction, art, and structure. The main thesis is that humans strive to! 
order and that the existing interpretations of tension reduction, oe, 
and the second law of thermodynamics do not provide a basis for und 
standing this motive. By now, this is a familiar argument, one which h 
been made by various theorists in the last several decades (Schrodinger, 
for example). The particular case against tension reduction and for so 
type of need for stimulation is even more familiar, yet no reference to the 
extensive literature on this point (Berlyne, Butler, Dember, Fiske and 
Maddi, Harlow, Hunt, Walker, or others) is made. 

A central concern of the essay is with structure, a concept which remain 
elusive throughout, since no real attempt is made to identify what the 
term refers to, although an occasional example of a gestaltlike principle 0 
organization is given. As for the structure of visual perception, again, almost 
no reference is made to research since 1950. Nor is there any clear presenta 
tion of exactly what is meant by entropy, information, and so on, whie 
occasionally leads to serious ambiguity as to Arnheim's meaning. 

" the aly purpose is to discuss the issues in a somewhat ated 


phi interesting and readable manner, so as to stimulate intere 3 
in the author's main thesis, then it succeeds. But if its purpose is to add to 
our understanding of these issues, within the framework of the very Tele 
vant scientific contributions of the last 20 years, then it fails. 


Paul C. Vitz, New York University 


The Measurement of Sensation: A Critique of 
Perceptual Psychophysics 

By C. Wade Savage. Berkeley and Los Angeles: University of California 
Press, 1970. Pp. 578. $15.00. » 


When one picks up a book entitled The Measurement of Sensation: 4 
Critique of Perceptual Psychophysics, one might be expecting a volun 
that concerns itself with methodological issues drawn from the contempo 
measurement morass which psychophysicists and perceptual psychologi 
find themselves continually facing during the course of empirical investi 
tions of perceptual and sensory processes. This view would be further 
forced by a glance at the chapter and section headings. Once one b 
reading, however, it becomes immediately apparent that this is not the fo 
of the book. 

Wade Savage is a philosopher, and although he seems to he addres 
himself to psychological issues in perception, he is really offering a P 
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sophical treatise on the theory of measurement applied to the measurement 
of sensory magnitudes, The first portion of the book uses loudness and pitch 
as examples and ends up concluding that no measurement of sensory mag. 
nitude is possible at all (something which all of us who work in perceptual 
laboratories are willing to admit about two or three times a 

bases this conclusion on several different definitions of an adequate measur- 
ing scale, including those of Campbell and Stevens. However, he offers 
set of alternatives based on the com 


a 
of of 
the test stimulus against the perceived magnitude a onere 


variant of scaling by summing just noticeable differences, only here instead 
of jnds one c" the 
reader as a major methodological breakthrough nor as a significant refinement 
of extant procedures. 

Chapters 8 and 9 are probably the most in! at least to Py, 
chologists. Chapter 8 presents Fechner’s method of based on 
discrimination threshold. The — - e includes all 
of the traditional ments aom validity logarithmic sensory- 
scaling function, beginning with Fechner's erg that jnds are additive. 
ot EA 9 Stevens receives similar frontni is basically an 
updated version of Savage's 1966 in pets aed — 
nitude estimation is pain at as paid n lt introspection ine A 
instead of nominal categories. These are interesting, 
but the rather involved reasonin ae eee on semantics rather 
than content, will probably do little to shake faith of the adherents of 
either form of scaling. Unfortunately the discussion of actual scaling pro- 
cedures ends with deci 9, providing no consideration of any of the 
more modern psychophysical measurement procedures. 

The final chapters include a complex discussion on the conceptual diffi 
culties associated with the distinction between physical and psychological 
dimensions. In sum, then, this is a book that despite the promise ‘of the title 
really belongs on the shelf of a philosopher, next to his of Campbell's 
treatise on measurement theory, rather than on the of a perceptual 
psychologist, sandwiched between his copy of Helmholtz and a battered 
edition of Stevens’s handbook. 

Stanley Coren, New School for Social Research 


Fundamentals of Experimental Psychology 

By Charles L. Sheridan, New York: Holt, Rinehart and Winston, 1971. 
Pp. xii, 402. sd 

Designed for a first course in experimental psychology, this volume 

six chapters—two on method and four surveying selected areas of psy- 
chological research. The chapters on method range over a variety of on 
inehding broad aspects of pl ilosophy of science, behaviorism, problems o 
inductive inference, the nature of statistical reasoning, and several aspects 
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of experimental design. The presentation is eclectic, drawing both on classi- 
cal formulations and on more recent treatments emphasizing experimenta] 
control. The four research areas represented and the major topics covered 
are learning (operant and respondent conditioning, continuity versus non- 
continuity theories, insight versus trial and error, all-or-none versus incre- 
mental interpretations of verbal learning), and perception (classical psy- 
chophysical methods, sensory scaling, theory of signal detection, nativism 
versus empiricism, pain, color vision), and physiological psychology (Lash- 
leys work on cortical functioning, sleep and dreaming, emotion), and 
complex human behavior (obesity, obedience, bystander apathy). 

While the authors selection of topics seems reasonable, it remains es- 
sentially arbitrary. Of his selection, he writes that "the material included is 
tactically valuable, interests me, and has worked well with my students" 
(p. ix). In places, the organization could have been improved. For example, 
a section entitled "Some Commonly Used Experimental Designs" contains 
coordinate subsections on randomized designs, purposes of randomization, 
matched-subjects designs, repeated-measures designs, techniques for mini- 
mizing order effects, factorial designs, and yoked controls; the two sub- 
headings under “Deliberate Confounding” are “Explanation and Pseudo- 
explanation” and “S-R versus R-R Relationships.” Overall, however, the 
book's strengths outweigh its weaknesses. The author treats his subject 
thoughtfully, with authority, and in a balanced way. His presentation is 
literate and readable. Peshitps equally important, the reader senses the 
author's regard for his subject matter and is made to feel the material merits 
his serious consideration. 


Kenneth H. Kurtz, State University of New York at Buffalo 


Tactics of Social Influence 


By Albert Mehrebian. Series in Clinical and Social Psychology and Person- 
ality. Englewood Cliffs, N. J.: Prentice-Hall, 1970. Pp. 143. 


This volume describes in succinct form several major techniques for alter- 
ing the behavior of others and oneself. The intended audience for the volume 
includes both the undergraduate student of psychology and the intelligent 
layman. Primary attention is given to the application of central concepts of 
behavior modification to a wide range of real-life concerns. The utilization 
of reward is extensively elaborated, while stimulus control, reciprocal in- 
hibition, and punishment receive secondary attention. Also included are 
several techniques of influence not typically found among the wares of be- 
havior modification. Modeling is considered an important adjunct to behavior- 
modification techniques, as are verbal requests for change and rehearsal. 
Strangely, the treatment includes almost no reference to the vast literature 
on social influence that has been developed in social psychology. 

The volume is highly effective in challenging the reader to forgo his usual 
habits of ‘muddling through’ the problem of changing others and himself. 
It continuously stresses the advantages of systematic appraisal and analysis 
of complex situations, and provides much wisdom on alternative methods 9 
change. However, the humanist will find repugnant the continued treatment 
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of man as an object of manipulation, and could well counter with his argu- 
ment that concrete situations are so immensely complex and in such a state 
of continuous flux that systematic analysis can only provide a distorted and 
misleading simulacrum of social reality. From this viewpoint, abstract analyses 
of ongoing relations may best be used as sensitizing devices. Myopia would 
result from the fully dedicated application of behavior-modification principles. 


Kenneth J. Gergen, Swarthmore College 


Books received 


(The books listed here have not as yet been noted in our pages. 
Listing here does not preclude their later review, however.) 


Aaker, David A., ed. Multivariate Analysis in Marketing: Theory and Ap- 
plication. Belmont, Calif.: Wadsworth Publishing, 1971. Pp. ix, 358. 

Agel, Jerome. The Radical Therapist. New York: Ballantine Books, 1971. 
Pp. 292. Paperback, $1.25. 

Aiken, Michael, and Mott, Paul E., eds. The Structure of Community Power. 
Westminster, Md.: Random House, 1971. Pp. xi, 540. ; 

Anderson, David C. Children of Special Value: Interracial Adoption in 
America. New York: St. Martin's Press, 1971. Pp. 184. $6.95. ; 

Andreas, Burton G. Experimental Psychology. 2d ed. New York: Wiley, 
1972. Pp. xiv, 608. 

Astin, Alexander W. Predicting Academic Performance in College. New 
York: Macmillan, 1971. Pp. 299. 

Banaka, William H. Training in Depth Interviewing. New York: Harper & 
Row, 1971. Pp. x, 196. Paperback, $3.95. 

Barbara, Dominick A. How to Make People Listen to You. Springfield, Th: 
Charles C Thomas, 1971. Pp. 180. $6.75. n 

Barber, Theodore; DiCara, Leo V. Kamiua, Joe; Miller, Neal E.; Shapiro, 
David; and Stoyva, Johann. Biofeedback and Self-control, Chicago: 
Aldine-Atherton, 1972. Pp. xxi, 806. $17.50. 

Barrett, James H. Gerontological Psychology. Springfield, 1L: Charles C 
Thomas, 1971. Pp. xv, 165. $8.00. p > 

Becker, Ernest. The Birth and Death of Meaning: An Interdisciplinary Per- 
spective on the Problem of Man. 2d ed. New York: The Free Press, 
1971. Pp. x, 228. $6.95. 

Bloch, Rene. Bild und Personlichkeit. Bern: Hans Huber, 1971. ; 

Boden, Margaret A. Purposive Explanation in Psychology. Cambridge, Mass.: 
Harvard University Press, 1972. Pp. 408, $13.50. Jie 

Branden, Nathaniel. The Disowned Self. Los Angeles: Nash Publishing, 
1972. Pp. 256. $7.95. 

Brown, F. Christine. Hallucinogenic Drugs. Springfield, Tl: Charles C 
Thomas, 1972. Pp. ix, 154. $10.50. 
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Bry, Adelaide, ed. Inside Psychotherapy. New York: Basic Books, 1972, 
Pp. xxviii, 162. $6.95. 

Burr, Helen Turner, ed. Psychological Functioning of Older People. 3d ed. 
Springfield, Ill: Charles C Thomas, 1971. Pp. xviii, 108. $7.50; 
paper ack, $4.50. 

Burton, Arthur. Interpersonal Psychotherapy. Englewood Cliffs, N. J. 
Prentice-Hall, 1972. Pp. xv, 172. $8.95. 

Bzoch, Kenneth R., and League, Richard. Assessing Language Skills in 
Infancy: A Handbook for the Multidimensional Analysis of Emergent 
Language. Gainesville, Fla.: Tree of Life Press, 1971. Pp. 56. 

Cain, William, and Marks, Lawrence. Stimulus and Sensation: Readings 
in Sensory Psychology. Boston: Little, Brown and Co., 1971. Pp. 325. 
Paperback, $5.95. 

Cancro, Robert, ed. Intelligence: Genetic and Environmental Influences. 
New York: Grune & Stratton, 1971. Pp. xii, 312. $12.50. 

Carkhuff, Robert R. The Development of Human Resources: Education, 
Psychology, and Social Change. New York: Holt, Rinehart and Win- 
ston, 1971. Pp. xviii, 422. 

Cattell, Raymond B. Abilities: Their Structure, Growth, and Action. Boston: 
Houghton Mifflin, 1971. Pp. xxii, 583. $17.50. 

Cattier, Michel. The Life and Work of Wilhelm Reich. New York: Horizon 
Press, 1972. Pp. 224. $6.95. 

Chess, Stella; Korn, Sam J.; and Fernandez, Paulina B. Psychiatric Dis- 
orders of Children with Congenital Rubella. New York: Brunner/Mazel, 
1971. Pp. xi, 178. $7.50. 

Chomsky, Carol. The Acquisition of Syntax in Children from Five to Ten. 
Cambridge, Mass.: The M.I.T. Press, 1971. Pp. 126. Paperback, $1.95. 

Colbert, John, and Hohn, Marcia. Guide to Manpower Training. New York: 
Behavioral Publications, 1971. Pp. xi, 112. $8.95. 

Cole, Michael; Gay, John; Glick, Joseph, A.; and Sharp, Donald W. The 
Cultural Context of Learning and Thinking: An Exploration in Experi- 
mental Anthropology. New York: Basic Books, 1971. Pp. xx, 304. $10.00. 

Colquhoun, W. P., ed. Biological Rhythms and Human Performance. New 
York: Academic Press, 1971. Pp. x, 279. $14.50. 

Connell, R. W. The Child's Construction of Politics, Portland, Oreg.: Mel- 
bourne University Press, 1971. Pp. 251. Paperback, $4.55. 

Cortes, Juan B., and Gatti, Florence M. Delinquency and Crime: A Bio- 
MTM Approach. New York: Seminar Press, 1972. Pp. x, 468. 

Curran, Charles A. Psychological Dynamics in Religious Living. New York: 
Herder and Herder, 1971. Pp. 288. $6.95. 

Davidson, Alex. The Returns of Love: A Contemporary Christian View of 
Homosexuality. Downers Grove, Ill.: Intervarsity Press, 1971. Pp. 93. 
Paperback. 

DeVito, Joseph A. Psycholinguistics. Indianapolis: Bobbs-Merrill, 1971. Pp. 
36. Paperback, 8.95. 

DeVries, Walter, and Tarrance, V. Lance. The Ticket-Splitter: A New 
Force in American Politics. Grand Rapids: Wm. B. Eerdmans, 1972. 
Pp. 149. $4.95. 
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DeWaele, J. P. La methode des cas programmes en criminolo, à 

aele J. Dessart, 1971, Pp. 218. Frå5.40. sepa: 

Diethelm, Oskar. Medical Dissertations of Psychiatric Interest (Printed 
before 1750). Basel: S. Karger, 1971. Pp. viii, 211. $10.00. 

Dodwell, Peter C. Perceptual Processing: Stimulus-Equivalence and Pattern 
Recognition. New York: Appleton-Century-Crofts, 1971. Pp. xiii, 535. 
$14.95. 

EiblEibesfeldt, Irenaus. Love and Hate: The Natural History of Behavior 
Patterns. New York: Holt, Rinehart and Winston, 1972. Pp. 276. $7.95. 

Eissler, K, R. Talent and Genius: The Fictitious Case of Tausk contra Freud. 
Chicago: Quadrangle Books, 1971. Pp. xii, 403. $12.95. 

Evans, Wayne, O., and Kline, Nathan S., eds. Psychotropic Drugs in the 
Year 2000: Use by Normal Humans. Springfield, Il.: Charles C Thomas, 
1971, Pp. xxiii, 168. $7.75. 

Eyres, Alfred, and Dorn, Alfred. Stress and Distress: A Psychiatrist's Guide 
to Modern Living. Cranbury, N. J.: A. S. Barnes, 1971. Pp. 291. $6.95. 

Fassler, Joan. Don’t Worry Dear. New York: Behavioral Publications, 1971. 
$3.95. 

Fassler, Joan. My Grandpa Died Today. New York: Behavioral Publications, 
1971. $3.95. 

Fassler, Joan. The Boy with a Problem. New York: Behavioral Publications, 
1971. $3.95. 

Fernandez, Ronald. Social Psychology through Literature. New York: Wiley, 
1972. Pp. xviii, 477. Paperback. 

Fodor, Nandor. Freud, Jung, and Occultism. New York: Lyle Stuart, 1972. 
Pp. 272. $7.95. 

Ford, Peter S. The Healing Trinity: Prescriptions for Body, Mind, and Spirit. 
New York: Harper & Row, 1971. Pp. xv, 130. $5.95. 

Fraisse, Paul, and Piaget, Jean, eds. Experimental Psychology: Its Scope 
and Method. Vol. 4, Learning and Memory. New York: Basic Books, 

1971. Pp. viii, 376. $12.50. 

Friedland, William H., and Nelkin, Dorothy. Migrant: Agricultural Workers 
in America's Northeast. New York: Holt, Rinehart and Winston, 1971. 
Pp. xix, 281. Paperback. 

Gay, Dennis A.; Reagles, Kenneth W. and Wright, George N. Rehabilita- 
tion Client Sustention: A Longitudinal Study. Madison: University of 
Wisconsin Regional Rehabilitation Research Institute, 1971. Pp. xiv, 60. 

Goldfried, Marvin R.; Sticker, George; and Weiner, Irving G. Rorschach 
Handbook of Clinical and Research Applications. Englewood Cliffs, 
N. J.: Prentice-Hall, 1971. Pp. xii, 436. $14.95. 

Goodacre, Elizabeth J. Children and. Learning to Read. London: Routledge 
and Kegan Paul, 1972. Pp. ix 117. $3.25; paperback, $1.75. 

Gordon, George N. Persuasion: The Theory and Practice of Manipulative 
Communication. New York: Hastings House, 1971. Pp. xvii, 
$16.50; paperback, $10. 

Greenbaum, Richard, and Tilker, Harvey A., eds, The Challenge of Psy- 
d Englewood Cliffs, N. J.: Prentice-Hall, 1972. Pp. xvi, 505. 

6.95. 
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Gregory, R. L. The Intelligent Eye. New York: McGraw-Hill, 1971. Pp. 191. 
Paperback, $2.95. 

Hale, Nathan G., Jr. Freud and the Americans: The Beginnings of Psycho- 
analysis in the United States, 1876-1917. New York: Oxford University 
Press, 1971. Pp. xvi, 574. $15.00. 

Halleck, Seymour, L. Psychiatry and the Dilemmas of Crime: A Study of 
Causes, Punishment, and Treatment. Berkeley and Los Angeles: Uni- 
versity of California Press, 1971. Pp. xiv, 382; Paperback, $3.95. 

Hashimoto, K.; Kogi, K.; and Grandjean E. Methodology in Human Fatigue 
Assessment. London: Taylor & Francis, 1971. Pp. xxx, 200. 

Henle, Mary, ed. The Selected Papers of Wolfgang Kohler. New York: Live- 
right, 1971. Pp. x, 465. Paperback, $3.95. 

Henry, Jules. Pathways to Madness. New York: Random House, 1972. Pp. 
xxii, 477. $10.00. 

Horrocks, John E., and Jackson, Dorothy W. Self and Role: A Theory of 
Self-process and Role Behavior. Boston: Houghton Mifflin, 1972. Pp. 
viii, 227. $5.95. 

Howells, John G., ed. Modern Perspectives in Adolescent Psychiatry. New 
York: Brunner/Mazel. 1971. us xxii, 614. $20.00. 

Hunt, J. McVicker, ed. Human Intei igence. New Brunswick, N. J.: Trans- 
action Books, 1972. Pp. 283. $6.50; aperback, $2.95. 

Hyder, O. Quentin. The Christians Handbook of Psychiatry. Old Tappan, 
N. J.: Fleming H. Revell, 1971. Pp. 192. $4.95. 

Jeffery, C. Ray. Crime Prevention through. Environmental Design. Beverly 
Hills, Calif.: Sage Publications, 1971. Pp. 290. $10.00. 

Johnson, Donald M. Systematic Introduction to the Psychology of Thinking. 
New York: McGraw-Hill, 1972. Pp. x, 498. 

Johnson, Homer, H., and Solso, Robert L. An Introduction to Experimental 
Design in Psychology: A Case Approach. Scranton: Harper & Row, 
1971. Pp. viii, 216. Paperback, $3.95. 

Julesz, Bela. Foundations of Cyclopean Perception. Chicago: University 
of Chicago Press, 1971. Pp. xiv, 406. $20. 

Jung, John. The Experimenters Dilemma. New York: Harper & Row, 1971. 
Pp. x, 306. $4.95. 

Kahn, Jack H. Human Growth and the Development of Personality. 2d ed. 
Oxford: Pergamon Press, 1971. Pp. xx, 242. 

Kaplan, Berton H.; Leighton, Alexander; Murphy, Jane M.; and Freydberg, 
Nicholas. Psychiatric Disorder and the Urban Environment. New York: 
Behavioral Publications, 1971. Pp. x, 310. $12.05. 

Katz, Sanford N. When Parents Fail: The Law's Response to Family Break- 
down. Boston: Beacon Press, 1971. Pp. xv, 251. $12.50. 

Katz, Solly; Wright, George N.; Reagles, Kenneth W. The Impact of an 
Expanded Vocational Rehabilitation Program upon Intra-Agency 
Processes and Procedures. Madison: University of Wisconsin Regional 
Rehabilitation Research Institute, 1971. Pp. xiv, 56. 

Kendler, Howard H., and Spence, Janet T., eds. Essays in Neobehavorism: 
A Memorial Volume to Kenneth W. Spence. New York: Appleton- 
Century-Crofts, 1971. Pp. 345. $12.45. 
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ANNOUNCEMENT 


Proceedings of the Sixty-fourth Annual Meeting of the 
Southern Society for Philosophy and Psychology 


The sixty-fourth annual meeting of the Southern Society for Philosophy 
and Psychology was held on March 30—April 1, 1972, at the Sheraton- 
Jefferson Hotel in Saint Louis, Missouri. There were 179 members, friends, 
and guests in attendance. The program consisted of 41 papers in philosophy 
and 65 in psychology, including three symposia in psychology, and three 
joint sessions. There was also a festschrift program in honor of Professor 
Harold Lee. As usual, a social hour and business meeting were included in 
the program. 

At the first of the three joint sessions, Glenn Hawkes of Virginia Com- 
monwealth University chaired a symposium on “Skinner's Beyond Freedom 
and Dignity’; E. Maynard Adams (University of North Carolina), Robert G. 
Burton (University of Georgia), Earl A. Alluisi (University of Louisville), 
and William S. Verplank (University of Tennessee) participated. At the 
second joint session, past-president Van de Vate introduced Stanley Wil- 
liams, College of William and Mary, who delivered the presidential address, 
“Psychology’s First 100 Years.” john Compton of Vanderbilt University 
chaired the third joint session, in which Stuart Cook of the University of 
Colorado delivered an invited address, “Ethical Principles for Research with 
Human Subjects”; discussants were David H. Jones (College of William 
and Mary) and John Marshall (University of Virginia). € 

Two Richard M. Griffith Memorial Awards were given. The recipient in 
philosophy was Professor Allen Gibbons of East Carolina University, for his 
paper “Pseudo-Particulars.” The recipient in psychology was Professor L. 
James Shapiro of the University of Manitoba, for his paper Imprinting: 
Another Look at the Cheshire Cat.” These awards are given annually for 
the papers of highest merit presented by members who have not yet receiv 
the doctoral degree or have received it within the last five years. 

Cochairmen of the committee on local arrangements Were Donald à 
Sievert (philosophy) and Marion E. Bunch (psychology), both of Mon 
ington University. Cochairmen of the program committee were Thomas H. 
Hearn (philosophy, College of William and Mary) an n UNE 
(psychology, Virginia Commonwealth University )- Cochairmen [s 
Richard M. Griffith Memorial Awards committee were Dwight ; 
(philosophy, University of Tennessee) and Malcolm Amoult (psycho MA 
Texas Christian University). Chairman of the exhibits committee was Fre 
Thumin of the University of Missouri. Cochairmen of the membership com 
mittee were Donald S. Lee (philosophy, Tulane University) sales A 
Peacock (psychology, University of Georgia). Roy Cebik of the e Di 
of Georgia and Charles Watson of Washington University served as k 
chairmen of the placement service. At the annual business meeting, repo 3 
of the officers and of the several standing and ad hoc committees wer 
received and accepted. 

The deaths of T aes James A. Jordan, James E. Green, John P. Nate, 


Harold J. Ralston, Donald K. Adams, and Karl M. Dallenbach were noted 
with sorrow. 

There were 21 philosophers and 27 psychologists elected to full or as- 
sociate membership. Elected as full members in philosophy were Anne D. 
Adams, Joseph Binn, Peter Burkholder, James P. Franke, Joe H. Hicks, 
Martin M. Jones, Robert J. Mulvaney, Theodore D. Norhenhaug, Earl W, 
Redding, Norvin Richard, Donald Sievert, Donald H. Weiss, William E. 
Hoffman, Alexander von Schoenborn, David R. Hiley, and Bart F. Kennedy. 
Elected as full members in psychology were Richard Arvey, Gordon M. 
Burghardt, William H. Calhoun, Ralph L. Elkins, Robert M. Gagne, Susan 
M. Hereford, Alan Krasnoff, John M. Larsen, William M. Moon, Arnold 
Powell, Luis Proenza, Robert W. Schaeffer, Raymond R. Shrader, Jean H. 
Vanderplas, Donald T. Williams, Bert Mead, Karl P. Hunt, Jean Tracy, 
Vesta S. Gettys, Charles F. Gettys, and Franklin M. Berry. 

Elected as associate members in psychology were Carl Eshbaugh, Henry J. 
Folse, Jr., Thomas M. Johnston, John B. McClatchey, Richard A. O'Neil, 
and Thomas Rockmore. Elected as associate members in psychology were 
Mary G. d, Donald L. Corson, Odessa E. M. Hahn, Dale R. Meyer, 
Judson Mitcham, and Albert B. Ray. 

The following officers were elected to serve during 1972-1973: Lelon J. 
Peacock, University of Georgia, ident-elect; Douglas Browning, Uni- 
versity of Texas, president; William T. Blackstone to the council, for 
philosophy; Earl isi to the council, for psychology; and Michel Loeb, 
secretary of the society. Continuing members of the council include Herbert 
Kimmel, University of South Florida; Ramon Lemos, University of Miami; 
Donald Sherburne, Vanderbilt University; and Clyde Noble, University of 


The sixty-fifth annual meeting of the Southern Society for Philosophy and 
Psychology will be held on April 19-21, at the Regency-Hyatt House in 
Knoxville, Tennessee. It will be hosted by the departments of philosophy 
and psychology at the University of Tennessee. 


W. T. Blackstone, Secretary; University of Georgia 


ANNOUNCEMENT 


The Sixty-Eighth Annual Meeting of the 
Society of Experimental Psychologists 


The sixty-eighth annual meeting of the Society of tal Psy- 
chologists was held at Stanford University, Stanford, on April 
7 and 8, 1972. Ernest R. Hilgard, chairman of the society for the year, 


presided at the business meeting and at the sessions in which scientific 
papers were presented. 

'The following members and fellows were present: Amsel, Anderson, 
Attneave, Bourne, Boynton, De Valois, Grant, Grice, Guilford, Helson, 
Hilgard, Jenkins, Kamin, Kendler, Kimble, Lawrence, Lindsley, Logan, 
Mackworth, Marquis, G. Miller, Morgan, Posner, Postman, Pribram, Riesen, 
Rosenzweig, Shepard, Solomon, Thomas, Tulving, Underwood. and. Allan 

William Bevan, Lyle Bourne, TE - Patrick Suppes, 

Wagner were elected to membership in E 

Charter Member Karl M. Dallenbach and Fellow H. —— 
during the year. The present membership of the society is 79 
42 fellows 

: the 

The 1972 Warren Medal was awarded to e A. Miller, with 
Hatin “His talent for experiment has ved poycholingaisties eie 
chair to laboratory." Minnesota 

The society accepted the invitation of the University of d 
meet in Minneapolis, Minnesota, in 1973. James J. Reger pe Beer 
chairman for the year. The executive committee consists om Brak 
the secretary, Howard Kendler, and David Grant. The trustees 
Geldard, Daniel Lehrman, and the secretary. 

Carl P. Duncan, Secretary; Northwestern ag 


ANNOUNCEMENT 


New Citation Index for Social Sciences 


A new index designed to improve access to information published in the social 
sciences and humanities journal literature has been announced by the Institute 
for Scientific Information (ISI). 

Beginning in 1973, ISI will offer a Social Sciences and Humanities Citation 
Index covering articles, book reviews, and correspondence appearing in approxi- 
mately 600 key journals in the fields of anthropology, community health, demog- 
raphy, economics, educational research, ethnic studies, geography, history, law, 
linguistics, management, marketing, political science, psychiatry, psychology, 
sociology, statistics, and urban planning/development. 

Plans for the new index were disclosed by Melvin Weinstock, ISI Senior 
Information Scientist, at the recent conference on Access to Knowledge and 
Information in the Social Sciences and Humanities, sponsored by Queens Col- 
lege of the City University of New York. Weinstock said that the social sciences 
index will be pattemed after ISI’s widely used Science Citation Index®. He 
claimed that the new reference tool is the result of continuing requests from 
social scientists to apply citation indexing to the literature relevant to their work. 

Citation indexing is based on the fact that current articles referencing the same 
carlier publication have a subject relationship not only with the earlier work 
but also with each other. To utilize this relationship, a citation index lists 
together all articles published, during a specified time period that reference the 
same earlier publication. In effect, the earlier work becomes an indexing term by 
which someone who is familiar with its content may look up new articles on the 
same subject. 

Weinstock said that “terminology in the social sciences and humanities is 
particularly imprecise and subject to rapid change. This makes it very difficult 
for traditional ‘subject-heading’ indexing systems to draw together related mate- 
rial. Citation indexing, however, lets the best qualified person — the author — 
index his own work through his reference citations.” 

Quoting from a study by Maurice B. Line, Director of England’s National 
Central Library, Weinstock told the conference that the “majority of social 
scientists questioned said they would find a citation index very useful in their 
literature searching.” Weinstock also said that ISI has been conducting its own 
research on the need for the new citation index and what characteristics it should 
have in terms of format, coverage, frequency of issuance, cost, etc. He said that 
the final configuration of the index will reflect the results of this research. 

Anyone wishing more information or wanting to make suggestions on any 
aspect of the Social Sciences and Humanities Citation Index should call or 
write Melvin Weinstock, Institute for Scientific Information, 325 Chestnut 
Street, Philadelphia, Pennsylvania 19106, 
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NEVV 
PHOTO-ELECTRIC 
PURSUIT ROTOR 


The new Pursuit Rotor is manufactured in two models, the MK3 and 

the MK3/T which incorporate a digital ‘time on target’. The variable 
speed range is from 5 to 50 revolutions per minute and the sampling 
periods are standardised on 5 — 10 and 20 seconds for simplicity of 
operation. The MK3/T, as depicted, has the above features and 

also includes a 4 digit totalising counter to eliminate the use of an 
external ‘total time on target’ counter. 


SINGLE CHANNEL 
GROUP 
TACHISTOSCOPE 


The instrument is a general purpose slide projector with remote 

control facilities and interchangeable lenses. The projector has been 
modified by the addition of a high-speed galvanometer which | 
operates a shutter membrane to obscure the light path. The rise time 
of the shutter is 1.5 milli-seconds. This instrument can be used in word, 
picture and symbol recognition and subliminal research. 


Forth Instruments Ltd., ; j 
Engine Road, Loanhead, Midlothian, 


Scotland. 
Telephone: Loanhead 104. 


Manufacturers of Single Channel Group Tachistoscopes, Pulse - 
Generators, Memory Drums, Counter Timers, Voice Switches, Micro 
Electrode Pullers, Reaction Testers. 
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“In a moment you will fall deeply asleep. When you do, a 
dream will form. You will find yourself sitting in a movie 
theater looking at a blank screen. . . .” 

With these words and careful suggestions from the therapist, 
the patient will fall into a hypnotic sleep and will redream 
the previous night's experience, in a form of psychotherapy 
examined in 


DREAMS, IMAGES, AND FANTASY 
A Semantic Differential Casebook 


by C. Scott Moss, with a foreword by Charles E. Osgood 

“Moss writes with considerable expertise on the subject of how 
hypnosis can effectively be used to facilitate psychotherapy that is in- 
tensive, time limited, and crisis oriented. He artfully combines the 
understanding gained from a highly regarded quantitative measure- 
ment of meaning, Osgood’s semantic differential with his own clin- 
ical sensitivities, to illustrate the value of hypnosis in reaching and 
utilizing the symbol-translating mechanisms of the mind. This book 
is unique in the field. . . ." — Choice. $8.50 


"BLACK ROVER, COME OVER!" 
The Hypnosymbolic Treatment of a Phobia 


by C. Scott Moss and Pauline James 


Published to accompany Dreams, Images, and Fantasy, this book 
stands on its own as an account of the swift and successful treatment 
of a patient with an extreme phobia. It "consists largely of James's 
personal account of her therapeutic experience, accompanied by bricf 
notes by psychologist Moss of his interpretations of the same therapy 
sessions. . . . a fascinating, well written story." — Library Journal. 
MEE fascinating view of what may be accomplished in the allevia- 
tion of symptoms and the development of personal freedom when a 
brilliant, dedicated therapist cautiously utilizes hypnotic techniques 
to elucidate dream material." — American Journal of Orthopsychi- 
atry. Paper, $3.95. With audiotape of a transcribed therapy session 
(1 hour, 45 minutes, 3% IPS, open reel or cassette), $12.50 
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B 
Systematic Psychology 


Prolegomena 


By EDWARD BRADFORD TITCHENER. With a Foreword by 
Rand B. Evans and Robert B. MacLeod. Published post- 
humously in 1929, this classic work is still the most com- 
prehensive analysis of non-behavioristic systems of psy- 
chology ever written. It is reissued with a Foreword and new 
notes by Rand B. Evans and Robert B. MacLeod, who place 
it in the context of modem systematic psychology and dem- 
onstrate its importance to understanding classic psycho- 
logical systems. $7.50 cloth; $2.45 paper 


Surface Color Perception 


By JACOB BECK. This is the first comprehensive and sys- 
tematic review of experimental and theoretical research on 
the problem of surface color perception. The author dis- 
cusses the early studies of Katz, Kardos, and Katona, the 
studies at Columbia under Woodworth, those of Helson and 
Judd, and the more recent findings on sensory contrast an 
adaptation. $11.50 


Abnormality and Normality 


The Mothering of Thalidomide Children 


By ETHEL ROSKIES. This case study of a highly unusual 
form of maternity is a valuable addition to the literature on 
handicapped or deviant children. It is an account of how 
mothers who took part in a government-sponsored habilita- 
tion program in Montreal perceived the process of Less 
and rearing (or deciding not to rear) a child with congenita 
thalidomide-induced deformities. Professor Roskies traces 
how the biological, psychological, and social factors [or 
acted—and changed over time. $12. 
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KARL M. DALLENBACH: 1887-1971 
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The death of Karl M. Dallenbach on December 23, 1971, breaks one 
of the few remaining links this generation of psychologists has with 
the psychology of the first two decades of this century. His 60 years as 
a psychologist make the capsulization of his career impossible, He had 
the time and the interests for several careers, which brought him 
recognition as an authority in several areas of the science. One of those 
careers was his association of over 50 years with the AMERICAN JouRNAL 
or PsycHoLocx, over 40 years as its editor. 

Dallenbach was born on October 20, 1887, in Champaign, Illinois." 
This was the year of Fechner's death and the year of the founding of 
the journal that was to play such a large part in his own life. Karl M. 
Dallenbach was the second of three sons born to John and Anna 
Mittendorf Dallenbach. His great-grandfather Diillenbach emigrated 
to America from Switzerland in the 1820s; the maternal grandfather 
Mittendorf came from Germany in the 1850s. He was always proud of 
his Swiss-German background and particularly that the name Diillen- 
bach originated from the legendary Swiss patriot, Wilhelm Tell. Däl- 
lenbach means ‘valley brook’ in German and it was this name that he 
took for his nom de plume, Charles Valley Brook, in so many book 
reviews and subject indexes in the AMERICAN Journat or PsycHOLocy. 

The matter of his name brought Dallenbach into confrontation with 
generations of university and civil bureaucrats. Although his mother 
seems to have intended the ‘M.’ in his name to stand for Mittendorf, 
it was never properly registered, so Dallenbach contended throughout 
his life that his middle name was M.’ including the period. Although 
Karl was his name, it was seldomly used except for formal signatures 
and was reserved primarily for his wife. To his parents he was, often 


"The author is indebted to Mrs. Ethel Douglas Dallenbach for her help 
and suggestions on this manuscript. More detailed coverage of various x 
tions of Dr. Dallenbach's life may be found in E. G- Borings article (Karl M. 
Dallenbach, this ToumwAr, 71, 1958, 1-40) and in Dallenbach’s own auio- 
biography (in A History of Psychology in ‘Autobiography, 5, 1967, 59-91). 
The author has also made use of the unabridged manuscript of that auto- 
biography and of Dallenbach’s correspondence in the Cornell University 
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as not, ‘Charlemagne’; to his school friends, up until the time he went 
to Cornell, he was ‘Dally’; to his close associates from the Cornell 
days on he was ‘Dall’; and to his close students he was “Dr. Dall.’ He 
once received a letter from a psychologist he knew only vaguely 
addressing him as ‘Karl.’ “If he knew me well enough to call me 'Karl, 
he would know enough not to call me ‘Karl’!” he exclaimed. 

Dallenbach's mother characterized him as having a "serious, sober, 
and lugubrious disposition" and attributed it to the month of his birth. 
He, however, blamed the description on his ‘girlhood.’ His mother 
expected her second child to be a girl. His curly hair tended to en- 
courage her in this expectation, even though he was a boy. Until after 
his fourth birthday, he was dressed as a girl and was taught to play 
girls games. Even after he was allowed masculine clothing, he was 
required to wear his hair in long curls. Only his refusal to go to school 
unless his hair was cut seems to have allowed him the appearance of 
a boy at last. His mode of dress and appearance during these early 
years gave him ample opportunity to learn self-defense. To the lessons 
learned in some of those early battles, he attributed his lifelong 
characteristics of aggréssiveness and tenacity. 

His first introduction to psychology was in 1907, in his second year 
at the University of Illinois. He was taking the pre-law curriculum, 
which required some psychology. He had avoided the course during 
his first year because he identified it with phrenology, but he found 
the course quite different from his expectations. The elementary course 
was conducted by John Wallace Baird, one of E. B. Titchener’s prize 
students, and his lectures were patterned after those of the master. 
Dallenbach found Baird a fascinating lecturer and Titchener’s Outline 
of Psychology “as interesting as a novel.” This pleasant introduction 
to psychology with Baird led him to clect other psychology courses, 
including Baird's in experimental psychology, where he came into 
contact with Titchener's Manuals for the first time. 

Baird was so impressed by this pre-law student's laboratory reports 
that he had them bound as examples for future students. In 1909, when 
Titchener later gave at Illinois his series of lectures on the thought 
processes, he also was impressed with the laboratory reports and sug- 
gested that Dallenbach come to Cornell for a doctorate in psychology. 
This was the first of the vectors that pushed Dallenbach into psychology- 
: He became Baird's assistant in the experimental psychology course 


*E. B. Titchener, An Outline of Psychology, 3d ed., 1899. i 
Titchener, Experimental Psychology: A Manual of Laboratory Practice, 
1-4, 1901, 1905. 
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in 1908. After Baird left Illinois, however, Dallenbach's intentions 
toward psychology began to waver. It was only a fellowship in psy- 
chology at the University of Pittsburgh that kept him from going to 
Harvard and a degree in law. 

It was during his freshman year at Illinois that he had first met Miss 
Ethel Douglas of Chicago. Sitting next to her in history class for the 
first time, he told her in a rather matter-of-fact way that he was going 
to marry her. “I think I shall have something to say about that," was 
her shocked reply. It took five years of persistence before he was to 
get anything but a cool response from her, and eight years before he 
convinced her that he was right, after all. This romance is a good 
example of Dallenbach's characteristic tenacity and determination.* 

The year at Pittsburgh found law displaced by medicine as the pri- 
mary competitor to psychology in his life. It was largely out of his 
loyalty to and admiration for Baird, and because Titchener had sug- 
gested Cornell, that he applied there for a fellowship in psychology. 
He received the Sage fellowship, and in the fall o£ 1911. found himself 
in Ithaca and in psychology. Even then, it was 1920 before the force 
of events snuffed out the ambition for the M.D. 

This was the ‘golden age’ of Titchener's Cornell. Titchener's Textbook 
had appeared the year before, and the laboratory was buzzing with 
research activity? The Perky experiments and those of A. S. Edwards 
on the image clement were being carried out." Dallenbach was one of 
the observers in Edwards’ experiment that sealed the fate of the image 
as an elementary concept. E. G. Boring was there as Titcheners 
Student assistant. It was the beginning of a long friendship between 
Dallenbach and Boring. 

Titchener assigned Dallenbach the problem of attention and in par- 
ticular the attempt to test Geissler’s findings in modalities other than 
vision.” In one of their discussions, Titchener discovered Dallenbach's 
ability to play blindfold chess. This interested. Titchener mightily 


*Dallenbach also displayed these qualities in sports, both at Illinois and at 
Pitt. He was particularly lk kao for his Bons in football, but he was 
also a prize-winner in checkers, chess, shot put, and hammer throw. Sports 
"m pa be a fascination to him, both on and off the field. 

"Titehener, A Textbook of Psychology, 1910. 

"C. W, Perky, An prd en si) of imagination, this JounNAL, 21, 
1910, 422-452; A. S. Edwards, An experimental study of sensory suggestion, 
this Jourwar., 26, 1915, 99-129. 909 

"L. R. Geissler, The measurement of attention, this JOURNAL, 20, 1 Í 
473-529. Dallenbach’s dissertation was published as The measurement o 
attention, this Journa, 24, 1913, 465-507. 


466 EVANS 


because it required imagery. These were still the days of the Titchener- 
Külpe battle over imageless thought. Titchener used the 1912 meeting 
of the Experimentalists to ‘show off Dallenbach's ability.* 

It was Dallenbach who made the series of life masks of the psy- 
chology graduate students. The set hung in Titchener's office for many 
years. He also did a bas relief of Titchener after the style of Felix 
Pfeifer's casting of Wundt. Titchener posed for it and signed the origi- 
nal. Plaster casts were made for the members of the laboratory and a 
bronze casting was given to Titchener. 

In the summer of 1912, Dallenbach went to Germany to hear 
Wundt' lectures. He planned the trip originally with a group of fellow 
students. One by one they dropped out, until finally he found himself 
on the dock alone. Undaunted, he set out on his own. On his arrival, 
however, he found that Wundt was away for the summer and was 
neither lecturing nor accepting visitors. By a stroke of fortune, the 
trip was saved when the U. S. consul suggested he go to Bonn and hear 
Oswald Külpe, the man Titchener had talked about so much. The 
contact he was able to have with Külpe gave Dallenbach a lifelong 
regard for the man. Before leaving for home, he did what none of the 
German students dared to do—to ask Külpe for his photograph. There 
was none available in the bookstores and he wanted one. His logic was 
typical: "The worst he could do was to say no, so why not ask?" Külpe 
was flattered at the request and Dallenbach got his photograph, much 
to the envy of the other students. 

It was during this trip that Dallenbach's physiognomy gained the 
imperial beard, He did it as a surprise for his fellow students in the 
laboratory and fully intended to shave it off on his return. The response 
of his friends and particularly that of Miss Douglas was such that he 
kept it for the remainder of his life. 

It was during that last busy year at Cornell that he first attended 
Titchener’s lectures in elementary psychology. He would hear them 
many more times between then and 1995. 

The Ph.D. was conferred in June, 1913, and Titchener sent him to 
the University of Oregon as an instructor. Sent is the correct word. 
Tt was still Dallenbach’s intention to go back to Pitt and get his M.D- 
Titchener would not hear of it, so Dallenbach went to Oregon. 

Oregon had a lovely campus and a highly social faculty. The prob- 
lem was that there was no research activity. The head of the depart 
ment was Edmund Conklin, a student of G. S. Hall. Conklin thought 


8Dallenbach, Blindfold chess: The single game, in Studies in Psychology: 
Titchener Commemorative Volume, 1917, 214—930. 
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of his instructor as sort of a personal assistant—not Dallenbach's idea 
at all. This was an irritation, but it was the lack of impetus for research 
that bothered him the most. The experiment was what he had been 
prepared for and he did not quite know what to do without a labora- 
tory. Not wishing to stagnate, even in so lovely an area, he left Oregon 
after his second year for the hopefully greener pastures of Ohio State. 

It was during the Oregon period that he went to Chicago, where 
he proposed to Miss Douglas. She said yes and thus he kept his prom- 
ise of eight years before. He often used her as the model for the kind 
of wife a psychologist should have—one who could understand the 
peculiarities of the academician and in particular one who did not 
have to be entertained continually and would help urge her husband 
on, even if it meant seeing him less. He was fortunate in his selection. 

He had hardly settled at Ohio State when he got the call from 
Titchener to return to Cornell as an instructor. It meant a cut in pay, 
but Titchener expected a man to sacrifice to be at Cornell. To Cornell 
it was, and there Dallenbach would be for over 30 years, the first of 
his two academic careers. 

He realized what going to Cornell meant in terms of his advance- 
ment. Psychology at Cornell had a definitely pyramidal structure. 
There were two full professorships, Titchener’s and H. P. Weld's. He 
would come in at the bottom and would have to wait for someone to 
resign or die before he could move up to a higher notch. The road to 
the Sage professorship would be even longer and harder than he had 
imagined. But Cornell was where the research was and he immediately 
plunged into his work. 

The entry of the United States into World War I would soon break 
into academic life at Cornell. Dallenbach wanted to do his part, and 
even though color blind, he managed to pass the oye test to get into the 
àrmy. Actually, he only partly passed. He memorized the order of the 
color-test cards, This worked quite well for one eye, but something 
happened on the series on the second eye, with the result that the 
ophthalmologist believed he had stumbled onto a man with one normal 
and one color-defective eye. It took some talking to convince the 
ophthalmologist to wait until after he returned from the war before 
publishing anything on the ‘phenomenon.’ Dallenbach served in the 
newly organized Testing Corps of R. M. Yerkes, and for a time under 
Walter Hunter, 

After his discharge from the army, he returned to Cornell. He was 
offered a job with a major trolley company at twice his Cornell salary. 
In those days, the trolley companies were employing a large number 
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of psychologists to do the early version of personnel testing. To him, 
of course, this was applied psychology and not science at all. He chose 
Cornell. 

Things at Cornell were much as they had been when he left. The 
faculty still attended Titcheners elementary lectures and held the 
faculty meetings in Titchener's room behind the lecture hall. It was in 
one of those meetings that the matter of the AMERICAN JOURNAL or 
PsvcHOLOGY came up. "The Journat is going to hell!” Titchener ex- 
claimed. G. Stanley Hall, now an old, irritable man, was letting things 
slide so far as the JounNAL was concerned, and there was little that 
the associate editors, Titchener and E. C. Sanford, could do about it. 
"Why don't we buy it?" was Dallenbach's reply. To Titchener, who 
always had wanted a journal of his own (as had Wundt before him), 
the sharing of the AMERICAN Journat had been unsatisfactory from 
the beginning. The idea of having the Jounar under his sole editor- 
ship was appealing. Dallenbach was given the job of looking into the 
matter. 

The "we" in Dallenbach's suggestion was intended to be a financial 
partnership among the Cornell faculty, or failing that, a purchase by 
Cornell itself. It was in this belief that he bargained with Hall, billing 
himself as acting for an anonymous backer. He would soon learn how 
anonymous that backer was. Dallenbach bargained with Hall for 
several weeks and brought Hall's price down to half the original figure. 
This was still more than he had intended to pay, but the agreement 
was finally closed. Hall required a large deposit as ‘earnest money 
and Dallenbach paid it out of his own pocket. The deal being made, 
he returned to Ithaca to secure the remainder of the money 

Cornell, as it turned out, had no interest in acquiring the JouRNAL 
and the banks would not give a loan without security. The only 
security available in the Cornell department was Titchener's house and 
property. Titchener was unwilling to risk that, even for the JOURNAL. 
No one had the ready cash, so Dallenbach found himself his own 
‘anonymous backer.’ 

In order to save him the loss of his ‘earnest money,’ his father, a 
successful businessman, allowed him to borrow against his inheritance. 
His father believed the Jounwar a poor financial risk, but the younger 
Dallenbach did not think of acquiring the JounNAL as a financial move. 
of course. He did it partly because Titchener wanted it and partly 
because he found himself owning it without fully intending to. 

Titchener was given full reign in all matters editorial and Dallenbach 
was business manager. Titchener demanded and received Dallenbach's 
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guarantee in writing that he would be allowed to be editor so long as 
be wished, but declined to give a similar guarantee that he would 
remain editor. Titchener seems not to have understood what Dallen- 
bach's purchase of the JouRNAL meant in terms of ownership. Titchener 
was no businessman and had no appreciation for the legalities of 
property. When he did come to understand that the JounNAL was 
privately owned—and by an 'underling—as he did some five years 
later, it brought about his resignation and set the stage for something 
of a tragedy in both their lives. 

It was during this period that Dallenbach began his 80-hour work- 
week, a habit he would maintain for a goodly portion of the rest of his 
life. The JourNaL was a draining affair and required much more time 
than he had ever imagined, although his bibliography shows it did not 
decrease his experimental efforts." 

By the early 1920s he began to feel the psychological isolation that 
was Titchener's Cornell. There was an attempt on his part and Boring's 
to bring Titchener and Cornell, at least socially, into the mainstream 
of American psychology. They planned to do this by making Titchener 
president of the American Psychological Association. Titchener would 
have none of it, however, and he resigned his membership in the APA 
rather than be its president. 

Dallenbach was determined not to be enveloped in the isolation of 
Ithaca and decided to break away from the anti-APA spirit of Comell 
and work within the framework of the national society. It was in 1923 
that he proposed to Boring and Samuel Fernberger that something 
like Titchener's Experimentalists be formed within the APA. This was 
intended to supplement the ‘Spring Meetings’ of Titchener's ever-nar- 
rowing group, not to replace it. As was his habit, Dallenbach went into 
the matter with a plan in hand but with a willingness to compromise— 
so long as his opponent was willing to work for his concessions. The 
result of his plan was the beginning of the Experimental Roundtable at 
the APA Christmas meetings. It was an informal gathering of experi- 
mental psychologists to talk on current research, It was much on Titche- 
ners own plan but was designed for a wider variety of systematic 
creeds than Titchener’s Experimentalists allowed. For many years this 
roundtable was to many the highlight of the APA meetings. 

As carly as 1923, definite strains began to show between Dallenbach 
and Titchener, Dallenbach, beginning to feel his maturity as à psycho- 
logist, did not always follow Titchener's rather rigid rules of etiquette. 
——— 


*M. C. McGrade, A bibliography of the writings of Karl M. aed, 
this Journax, 71, 1958, 41-44. 


were other such disagreements, cach one minor, but each adding to the 
strain in the relationship. Finally, in 1925, Titchener demanded that 
the Jounxar be turned over to a holding company, thinking of Cornell 
as a likely Dallenbach replied that he had no intention of 
up to the JoumxAL. Titchener resigned immediately and 

his to every major psychologist across the cous- 

try. Dallenbach thus found himself with the oldest journal of psycho- 


together and successfully salvaged the Jounxar from what 
RU Oa need caly perum 
letters between Dallenbach and the coeditors, particularly those 
Boring, to see just how good and patient a manager 
was. It was at this time that Charles Valley Brook was created, so 
look as though Dallenbach was doing too much on 


period between 1925 and 1927 was one of great stress. The 
pressures of the JounNAL were much greater than before, and the pres- 
sures within Cornell were greater still. Titchener's bitterness toward 
By 1926, Dallenbach was determined to leave 
Cornell, and only Titchener's death from a brain tumor in 1927 pre- 
vented him. Dallenbach rationalized all of Titchener's behavior as being 
due to the effects of the tumor. The feeling of bitterness vanished and 
the old loyalties returned as before. His personal loyalty to Titchener 
and to his memory would never diminish. 
The period of the 1920s was not all Jounnat work, however. A 
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It was also during this period that he accidentally cut a nerve in 
his index finger. The chance to replicate the experiments of Head and 
Boring was too good to pass up, so he and Harry Helson began what 
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guest be the longest experiment in the history of pychoiogy, tracing 
the return of sensitivity to the aroa," ‘The experiment extended ewer 
40 years, and there were plans with the prevent. author for ome last 
waperimental sitting, a plan never realized because of Dalienbuch + 
death 

it was also in the 1920s that his now-elasic experiment with Jenkin 
on the cllect of sleep versus activity on the retention of hearted material 
was performed. ' Also, throughout the late 1208 and JO, be 
took his movie camera to the meetings ol the : 
psychologists of today one of their rare glimpses of the E 
of that period in vivo. 

In 1930-31, Dallenbach was given a visiting professorship at Colum. 
bia. The offer of a permanent professorship there was soon made. Here 
was the chance for the full professorship that had not been forthcoming 
at Cornell. Believing that New York City was no place to bring up his 
three small children, he refused the offer. 

After his return to Cornell from the Columbia stint, he found that 
Bentley, who was by then Titchener's successor as head of the depart- 
ment, had arranged for a new to be created for him. 

The 1930s were perhaps the most of his life. There was the 
JovnsaL, of course, and the difficulty of keeping his spirited coeditors 
pulling together, but there were none of the major strains of the 1030+ 


the temperature sense, he devised the temperature stimulator that 
still bears his name." It was, until semiconductor technology ete f 
perhaps the best punctate source available experiments 
With the 1940s came World War il, and Dallenbach found his 
academic life interrupted for a second time. For half the decade be 
was part of the armed forces and also chairman of the Emag 
Committee in Psychology of the National Research Council. He was 
justly proud of his work in both areas.'* his 
The war claimed his son John, lost over the English me 
sixth mission, after D-Day. John was only a dissertation away 
his doctorate in psychology. It was perhaps the greatest single tragedy 


ber: Helson, Autobiography, in A History of Psychology in Autobi- 
iy, 5, 1967, 202. 
D S pause and Karl M p-—— Obliviscence during sleep and 
ing, this Journa, 35, 1924, 605-6 
""Dallenbach, Some new apparatus, this JOURNAL, 34, 1923, 90-94- 
?'Dallenbach, ‘The emergency committee in psychology, National Research 
Council, this JounwaL, 59, 1946, 496-582. 
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in Dr. Dallenbach's life, one that never diminished with time. He and 
Mrs. Dallenbach created scholarships at Illinois, Cornell, and Texas in 
John's memory. 

Returning after the war, he found himself at last Sage Professor of 
Psychology at Cornell, Titcheners old chair. But neither at Cornell 
nor anywhere else was psychology the same as before the war. Applied 
and clinical psychology were the thing, and the pressures for it were 
great at Cornell. Those pressures and the political situation at Cornell 
made it obvious to him that the kind of department he wanted was not 
possible there. When he was offered the chairmanship of the Psycho- 
logy Department at the University of Texas, as he was in 1948, he 
accepted. Here was a chance to build a department with an experi- 
mental core. It was the beginning of his second career in psychology. 
Here again, he went to Texas with a plan in hand—one that included 
a modern psychological laboratory building. He had to compromise on 
the points of applied and clinical psychology, but the experiment was 
still the core of the training of Texas students for the next decade. 

The last few years at Cornell and the first decade at Texas found 
Dallenbach as involved as ever in research. The papers of this period 
are probably his best. Perhaps the most important of this work was that 
on ‘facial vision.’ The structure of the experiments is a model of 
scientific procedure. He was tackling the problem of how the blind 
are able to locate obstacles in their path without seeing them. The view 
then popular was that of facial vision—that the skin receptors of the 
face become sensitive to sound impressions. That view had the impri- 
matur of William James and was what the introspections of blind 
observers seemed to indicate. It was not a matter of skin receptors, of 
course, but audition, as Dallenbach's experiments with various co- 
authors demonstrated. 

It was also during the last few years at Cornell that he constructed 
his olfactorium, the first genuine camera inodorata.!* It was also during 
this period that he and Minami carried out their classic work on the 
effect of sleep and wakefulness on retention in the cockroach.'* It was 


“M. Supa, M. Cotzin, and Karl M. Dallenbach, “Facial vision": The 
perception of obstacles by the blind, this Jounwar, 57, 1944, 133-183; P. 
Worchel and Karl M. Dallenbach,“Facial vision"; The perception of obstacles 
by the deaf-blind, this Journax, 60, 1947, 502-553; Cotzin and Dallenbach, 
“Facial vision”: The role of pitch and loudness in the perception of obstacles 
by the blind, this Journat, 63, 1950, 485-515; C. H. Ammons, P. Worchel, 
and Karl M. Dallenbach, “Facial vision”: The perception of obstacles out of 
doors by blindfolded and blindfolded-deafened subjects, this JOURNAL, 66, 
1953, 519-553. 
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Dallenbach's only animal experiment, an extension of the Jenkins and 
Dallenbach study of the 1920s. He was always glad he did the experi- 
ment, if only to show that he could do an animal experiment if he 
wanted to. 

The Texas decade (1948-1958) rivaled the 1920s as the busiest of 
his life. Besides the heavy administrative load, there was an overload of 
teaching that he took on voluntarily, to expand the curriculum, There 
was still the JouRNAL, of course, and the greater burden of editing, 
since Boring, the last of the 1925 board of cooperating editors, dropped 
by the wayside. For several years, Dallenbach was sole editor of the 
Journat, then forming another editorial board in the mid 1950s with 
M. E. Bitterman (one of his students from Cornell days), E. B. New- 
man, and later, Leo Postman. Even with the new board, he still did the 
major share of the editorial work. It can be said without exaggeration 
that he and Mrs. Margaret McGrade, his secretary and business man- 
ager for the JouRNAL, were the JOURNAL in the 1950s and 1960s. 

The year 1953 saw the opening of Mezes Hall, built to Dallenbach's 
specifications. Psychology at Texas had finally come into its own, its 
faculty having grown from 6 in 1948 to 22 in 1958, a massive expan- 
sion for those days.'* 

The editorial and administrative load finally began to take its toll 
in research, however. All of the experimental papers of this period 
were coauthored with students. His singly authored pieces were gen- 
erally historical notes and criticism, such as his "Phrenology versus 
Psychoanalysis" and his "Place of Theory in Science," two of his best- 
received articles.!* 

In 1958, he stepped down as chairman of the department, since, 
according to university regulations, faculty had to retire or go on 
‘modified service’ when they reached the age of 70. This sixth and 
final decade in academics was still a busy one. The editorial respon- 
sibilities of the Journar weighed heavier and heavier upon him. There 
were still his courses on the history of psychology and on psycho- 
physics and there were still students with whom to work 

His interests extended to learning again. The controversy conceming 
J 1D, Foster, E. H. Scofield, and Karl M. Dallenbach, An olfactorium, this 

OURNAL, 6: B ^ 

“H, heres IM Dull The effect of activity upon learning 
and retention in the cockroach, this JOURNAL, 59, 1946, 1-58. D CE Texas 
di peni. The i cp uen laboratory of the University © 

OURNAL, 66, 1953, b 

18Dallenbach, Pa ee versus psychoanalysis, this JoUmus eposs, 

511-525; The place of theory in science, Psychol. Rev., 60, 1953, . 
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single-trial versus incremental learning interested him, particularly 
after his publication in the JouRNAL of Rock's study in 1957.'* His final 
experimental article dealt with a stochastic model for recall in a 
verbal-learning paradigm." He was still active and alert, but the years 
began to take their toll as he neared 80. 

In the mid 1960s the University of Texas passed a new regulation 
requiring retirement at the age of 70, but an exception was made for 
Dallenbach, and he continued to teach until ill health forced him to 
retire at 80. 

Dallenbach's tenacity was probably his greatest characteristic, and 
perhaps also his weakness. Once he set his mind toward a goal there 
was no diverting him. It made giving up his responsibilities at the end 
of his professional career all the more difficult. This was particularly 
true with his giving up the AMERICAN JOURNAL OF PsvcHoLocy. He 
had talked about divesting himself of it since the beginning of the 
1960s. He received several offers to buy it, one a six-figure offer from a 
major publisher. He knew it had to be done if only to guarantee the 
future of the Journat, but he kept putting off the decision as long as 
he could. “I cant let go! Why can’t I let go?" he exclaimed once in the 
late 1960s. It was simply difficult to give up a life's work, but particu- 
larly difficult for a man who did not believe in giving up. 

The JournaL was largely responsible for Dallenbach's research 
efforts, as large as they were, not being larger. The drain of it was 
also largely responsible for the fact that the book on attention was never 
written, nor the one on psychophysics (which he suggested J. P. Guil- 
ford write instead). He sometimes regretted that he never wrote those 
books, but he would wave his hand at the Journats that lined his 
shelves and say, “Those are my books.” It was his plan after retirement 
to gather together the necrologies in this AMERICAN JOURNAL series and 
publish them as a separate book. Ill health prevented him from com- 
pleting the task, but hopefully, his plan will be realized in the near 
future. 

At long last, as his health began to fail him, he realized that some- 
thing had to be done with the JounxAr. But where was it to go? Its 
traditions were very important to him and he had always lived up to the 
ideals Titchener had laid down—that it not be operated for profit, that 
what profits resulted were to be pumped back into it to improve it, 


19I, Rock, The role of repetition in associative learning, this JOURNAL, 70, 

1957, 186-193. 1 
?oR, B. Evans and Karl M. Dallenbach, Single-trial learning: A stochastic 

model for the recall of individual words, this JounwAr, 78, 1963, 545-556. 
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and that it be operated for the good of experimental psychology. He 
always operated with more interest in its quality than in the cost. He 
used the largest number of type faces of any psychological journal, 
doing this to preserve the carefulness of language that was the hallmark 
of Dallenbach's JOURNAL. 

He decided that the JounNAL had to be in the hands of a group that 
would not operate it for profit; one that would be willing to maintain 
its quality production, even if it meant just "breaking even' financially; 
and one that would attempt to maintain its traditions even if they were 
not always journalistically expedient. He considered the Psychonomic 
Society and the University of Texas, but he finally decided on his Alma 
Mater, the University of Illinois. In 1968 the gift was made, relieving 
Dallenbach after 48 years of his JOURNAL responsibilities. 

The Dallenbach of Texas was different from the one of Cornell. He 
was mellower and perhaps a bit less aggressive. Students at first expo- 
sure were somewhat awed by his Teutonic figure and his formality.” 
It did not take long, however, for the discerning student to discover 
that the formality was his nineteenth-century etiquette and that behind 
it was a kindly, friendly person. He seemed to adopt his doctoral 
students, worrying after them as though they were his own children. 
He was always ready to ‘go to bat’ for one of his students. One now- 
famous physiological psychologist, a student of Dallenbach’s at Cornell 
in the 1930s, recalled how, after he had ‘dunked out’ of Cornell, Dallen- 
bach managed to get him reinstated and planned out with him ways to 
develop study habits. i 

At Texas Dallenbach was referred to as Papa Bear—behind his 
back, of course, It indicated how aware students were of the thinness of 
his external formality. In his later years, he came to the campus only 
a few days a week, preferring to do most of his editorial work at home, 
where he had access to his excellent library of psychological periodi- 
cals. The graduate student, often as not, saw him at home. It was all 
in the image of Titchener, of course, but the reasons were practical, 
not sentimental. ; 

In the Texas years, the highlight for many a student of Dallenbach's 
history or psychophysics courses was the end-of-semester social hour. 
Dr. and Mrs, Dall would always have the class over one evening to 


“Once, when Margaret McGrade was introduced to a University of Texas 
student as Dr. Dallenbaslis secretary, he responded, "Oh, then you ie 
Speak German very well.” When as ed why this must be s0, Sibi “as 
teplied, “Well, everyone knows that Dr. Dallenbach is a German and spea 
nothing but German." 
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do what is 
should do is right because it is the right thing to do.” That 


Rand B. Evans, University of New Ham, 
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Wh wa pte ia 
between two points of light: the more wat 
ent depth near the egocentric reference distance, with the scalar 
of the depth between the lights related to the magnitude of the dis 
tance. Implications for the scaling of relational perceptions are 


Scalar perceptions of extent (size or distance) are perceptions that 
are metric in character. Examples are the perceptions that an object 
is 3 feet from the observer, is 3 inches tall, or is 2 feet closer than a 
second object—or, in more direct, behavioral units, that an object is 
at arm's length or is small enough to be held in the hand. These per- 
ceptions are contrasted. with nonscalar perceptions, such as that one 
object is twice as distant as another, without regard to the magnitude 
of this distance, or is three times the size of another object, without 
concern as to the size of either object (Gogel, 1968; Ono, 1970). 

Most research in spatial perception has involved nonscalar percep- 
tions. This includes all research in which a variable and a standard 
object are simultaneously or successively equated in size or — 
to be some perceived multiple of each other, as in the research on 


tually equated in size to a constant standard at a variable distance. The 
results H such size-constancy studies, although indicating iae 
perceived size changes with physical distance, give no indication 
perceived metric sizes. ceived 
It has been pointed out that conclusions from studies of ie 
size can differ depending on whether scalar or nonscalar (oie 
obtained (Gogel, 1968). Also, the lack of research on scalar perception 
should not be taken as an indication that they are unimportant. It d 
obvious that scalar perceptions are essential to the ability to respon 


ATT 


418 GOGEL 


meaningfully in many situations. Here is one instance. 

Consider the situation in which a patterned surface (floor) of 2-in. 
checkerboard squares is perceived as extending in depth, with its 
nearest edge at some distance from the observer. Assume that the task 
is to report scalar sizes and distances within this display. Clearly, with- 
out some metric information or some metric assumptions this task 
cannot be performed. 

It is possible that if an off-sized familiar object, such as a very small 
chair, were introduced into the display, the observer might perceive the 
checkerboard squares as the size of floor tiles, perhaps as 9-in. squares. 
On the other hand, if instead of an off-sized chair, a normal-sized chess 
figure were the only familiar object present, the observer might per- 
ceive the squares as about 2 in. on a side. In these cases, the familiar 
object might be said to provide a metric, or ruler, for scalar percep- 
tions throughout the visual field. 

Within a checkerboard pattern, there are cues of relative size and 
relative distance (a gradient of retinal size) to determine nonscalar 
perceived depth and nonscalar perceived size. The introduction of 
metric information anywhere within the configuration may possibly 
trigger scalar perceptions throughout the configuration, with the veridi- 
cality of the scalar perceptions depending on the veridicality of the 
metric, or ruler, as the chair/chessman example suggests. Although the 
author is not aware of any studies demonstrating such a triggering 
process, the example serves to raise the issue of the process by which 
relational information is transformed to scalar perceptions. 

There is evidence to suggest that a familiar object would not be very 
effective for such a triggering, since it is doubtful that familiar size is 
a good determiner of perceived size, either in visually rich environ- 
ments (Fillenbaum, Schiffman, and Butcher, 1965; Schiffman, 1967) or 
in visually reduced environments (Gogel, 1969a; Gogel and Newton, 
1969). But when cues of relative distance are available, even under 
conditions in which all familiar-size cues that might provide scalar infor- 
mation are absent, the observer can nevertheless make scalar responses. 

This latter effect can be demonstrated with the relative-size cue to 
distance occurring between two monocularly observed objects of the 
same shape, but different visual angle, that are presented either simul- 

taneously or successively. In this case, scalar reports of the distance be- 
tween the two objects can be made—reports which, although not neces- 
sarily veridical, vary systematically with the ratio of the visual angles 
of the objects (Epstein and Landauer, 1969; Gogel, 1969c). Or if 
binocular disparity is present between two points of light in an other- 
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wise dark room, as the present study will demonstrate, scalar judgments 
of the depth between the points of light can occur. 

Indeed, it might be generalized that scalar perceptions always occur 
to depth intervals generated by relational cues. In other words, an 
observer may never perceive a nonscalar depth (or size) even though 
obvious sources of scalar information seem to be lacking. The resulting 
scalar perception of depth might not be proportional to the physical 
distance between the objects but neither is it randomly determined. A 
possible source of scalar information under such conditions may lie in 
the oculomotor cues of the accommodation and convergence of the eyes. 


Oculomotor cues to distance 


In considering accommodation and convergence as à possible source 
of scalar information, two kinds of accommodation and convergence 
should be distinguished. One of these, absolute accommodation and 
absolute convergence, results from the eye adjustments to the partic- 
ular distance of an object. The other, relative accommodation and 
relative convergence, consists of accommodation and convergence 
changes between objects presented either simultaneously or succes- 
sively (see Gogel, 1961a; Ono, 1970). 

It is possible, for example, that relative accommodation or conver- 
gence can indicate that one object is more distant than another even 
under conditions in which absolute accommodation or convergence is an 
inadequate cue to the distance of the object from the observer. But a 
given accommodative or convergence difference is not uniquely related 
to a specific depth interval: an accommodative difference of 1 diopter 
can result from a distance change of 40 to 50 cm or from a distance 
change of 100 to 200 cm, for example. Therefore, it is unlikely that an 
accommodative or convergence difference can provide scalar infor- 
mation. 

However, since a unique value of absolute convergence or accom- 
modation is associated with a particular distance, absolute accom- 
modation or convergence can possibly provide scalar information as 
to the egocentric distance of an object. And since it is usually found 
that convergence is a more effective cue than accommodation (see 
Heinemann, Tulving, and Nachmias, 1959). absolute convergence 1S 
more likely than absolute accommodation to provide the scalar ego- 
centric-distance information that would serve as the metric, or ruler, for 
the scalar calibration of depth intervals that are produced solely by 
nonscalar, relational cues. ^ 

If absolute convergence or accommodation were to determine thi 
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perceived scalar distance to each end of a depth interval (such as a 
checkerboard floor) though, the perceived interval would not be 
produced by nonscalar, relational cues. In this case, the scalar percep- 
tion of the depth interval would present no explanatory problem, since 
it would result from the difference between two scalar distance per- 
ceptions. Thus, to investigate the calibration of a perceived depth 
interval produced by nonscalar, purely relational cues, that interval 
must be supported by purely relational cues—an effective scalar ego- 
centric-distance cue must not be available to both ends of the display. 


Specific-distance tendency 

Absolute convergence as a source of scalar information is limited 
in that this cue is usually considered to be ineffective for far distances. 
It has often been found that the distances of objects about 10 ft and 
farther from the observer are underestimated when only the cue of 
absolute convergence is available. For example, in a study by Foley 

(1968), which used convergence values from divergence to approxi- 
mately 1 m, the reported distance of an object varied from 5.2 to 16 
ft for one observer and from 4.2 to 1.9 ft for another. In a study of 
whiteness contrast between a binocularly viewed large and small disc, 
with the large disc at 9.3 ft from the observer, Gogel and Mershon 
(1969) found that the average reported distance of the large disc was 
3.8 ft. In a study of perceived size as a function of convergence and 
apparent distance, Biersdorf (1966) found that a binocularly presented 
object at a distance of 4 m was reported to be at distances of about 21, 
20, 9, and 8 in. by the four observers. 

This underestimation of distant objects with convergence is part ofa 
more general process termed the specific-distance tendency—the ten- 
dency under reduced conditions of observation (that is, in the absence 
of cues of egocentric distance) for objects to appear at a relatively 
near distance (about 6 ft) from the observer, regardless of their phy- 
sical distances. If the visual conditions are only partly reduced, the 
cues that remain (oculomotor cues of distance, for example) will 
somewhat modify the perceived distance expected from the specific- 
distance tendency (Gogel, 1969c). 

There are several sources of evidence for the specific-distance ten- 
dency. As just indicated, under reduced or fairly reduced conditions 
of observation distant objects tend to appear nearer than their physical 
distances. Also, if an object is presented with distance information 50 
as to appear at a far distance and the distance information is later 
removed, the object decreases in both perceived egocentric distance 
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and perceived size ( Gogel, 1969c). Furthermore, if familiar objects are 
presented at various simulated distances, the objects that are at sim- 
ulated far distances often appear to the observers to be smaller than 
normal in size and the objects that are at simulated near distances 
often appear to be larger than normal in size (Gogel, 1969b; Gogel 
and Newton, 1969). That is, the result of the specific-distance tendency 
is to make these near and far familiar objects appear at a similar, 
relatively near distance, with the perception of their sizes determined 
by this apparent distance. 

This result with familiar objects is supported by an experiment by 
Gogel and Mertens (1967), in which the observers adjusted a playing 
card to 3, 6, or 9 ft. There were no distance cues available except 
familiar size. The stimulus was an image of a playing card at a con- 
stant distance of 400 cm, whose size could be controlled by the ob- 
server. The starting size (starting visual angle) for the adjustment was 
determined by the experimenter. It was found that the adjusted (sim- 
ulated) distances, as computed from the adjusted sizes, varied inversely 
with the starting size. It was as though the perceived distance associ- 
ated with the starting size was displaced from the simulated distance 
to a distance of about 7 ft from the observer. As a result of this initial 
error in perceived distance, the simulated distance required to achieve 
a perceived distance of 3, 6, or 9 ft varied systematically as a function 
of the starting size. 

It can be concluded that even in the absence of conventional cues to 
egocentric distance, an egocentric-distance perception will occur as 
defined by the specific-distance tendency. Thus, the specific-distance 
tendency is also (like oculomotor cues) a possible source of infor- 
mation that would serve as the metric, or ruler, for the calibration of 
depth intervals produced by relational cues. 


Egocentric reference distance 


Although the specific-distance tendency can be considered concep- 
tually as independent of oculomotor cues of distance, in any situation 
it is likely that some residual oculomotor cues will be present. It is 
asserted here that the specific-distance tendency together with residual 
cues from convergence and accommodation provide a scalar perception 
of egocentric distance that acts as a metric, or ruler, permitting rela- 
tional information to be converted to scalar perceptions. This sealar 
Perception of egocentric distance that is determined by the composite 
effect of the specific-distance tendency and oculomotor cues is here 
termed the egocentric reference distance. Only in the complete absence 
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of oculomotor cues to distance is it expected that the egocentric ref- 
erence distance will be determined solely by the specific-distance 
tendency. 

To understand the process by which scalar information is introduced 
into a relational perception of depth by the egocentric reference dis- 
tance, it is necessary to understand how a perceived depth interval is 
positioned with respect to the perceived distance defined by this ref- 
erence. 

Consider again the example of the perceived depth interval pro- 
duced by a checkerboard floor when all the usual cues to the egocen- 
tric distance of that floor have been removed. Suppose that the ratio 
of the retinal sizes of the nearest to the farthest edge of the floor is 2 
to 1. If the most distant portion of the floor appears at the egocentric 
reference distance of 6 ft, the nearest portion will appear at half that 
distance and the perceived depth along the floor will be 3 ft. On the 
other hand, if the nearest portion of the floor appears at the egocen- 
tric reference distance, the farthest portion will appear at twice this 
distance (12 ft), with the perceived depth along the floor equal to 6 
ft. Since all portions of the floor cannot appear simultaneously at the 
reference distance, the apparent position of the checkerboard floor 
with respect to that reference distance is a significant variable in de- 
termining the scalar perception of the depth along the floor. The main 
objective of the present study was to investigate how a relationally 
produced depth interval within a configuration is perceptually posi- 
tioned with respect to the egocentric reference distance. 

In this study, the perceived depth interval, instead of being gener- 
ated by relative-size cues in a checkerboard floor, was produced by 
binocular disparity between two points of light presented simultane- 
ously at different stereoscopic distances. Binocular disparity, since it 
consists only of a difference in horizontal separation in the two eyes, 
by itself provides no scalar information (Gogel, 1969c; Ono, 1970). 

As noted above, it was essential for the study that no scalar cues be 
available to modify directly the perceived distance between the two 
ends of the depth interyal—in this case, between the two (simulated 
near and far) lights. For example, if the cue of absolute accommodation 
or convergence were available to determine an apparent scalar dis- 
tance to each of the lights, the occurrence of a scalar perception be- 
tween them would be expected and would tell us nothing about the 
scalar calibration, by way of the egocentric reference distance, of a 
relationally produced depth interval. Therefore in the present study the 
accommodation to the two lights was constant. 
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It was also necessary to avoid the possibility that absolute conver- 
gence to each of the lights (rather than binocular disparity ) produced 
the perceived depth between them. This requirement was examined by 
presenting each (near or far) light singly to two separate groups of 
observers, as well as presenting both (near and far) lights simultane- 
ously to a third group of observers. If the average reported distances of 
the lights presented singly were not different between the first two 
groups, it would indicate that the perceived depth obtained from the 
group presented the two lights simultaneously was not itself produced 
directly by the absolute-convergence cue to the scalar egocentric dis- 
tance of both lights. In addition, under these circumstances the average 
reported distance of the singly presented lights would provide a mea- 
sure of the egocentric reference distance, that is, a measure of the 
specific-distance tendency modified somewhat by the average value 
of convergence. 


EXPERIMENT I 


Method 


—Apparatus—A Polaroid stereoscope was used to present points of light 
(1.0 mm in diameter) at Bn distances of either 5 or 25 ft from the 


Simulated Far 
Point of Light 
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Fig. 1. Schematic diagram of the Polaroid stereoscope used to produce the 
simulated distances of the two points of light; the binocularly viewing ob- 


Server is represented at the bottom of the diagram 
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observer. The brightness of all the lights was 1.25 log units above the 
absolute threshold (as determined after a 2-min period of dark adaptation), 
The physical position of the lights (the accommodative distance) in Experi- 
ment I was constant at 8.33 ft from the observer, with the lights horizontally 
separated by 7 deg 28 min of visual angle. The apparatus is illustrated 
schematically in Figure 1. Appropriately oriented Polaroid filters were 
located both at the plane of the stereoscope and immediately in front of the 
observer's eyes. In the situation illustrated in Figure 1, the Polaroids were 
oriented so that points A and D stimulated the observer's left eye and points 
B and C his right eye, with the result that the left point was at a greater 
simulated distance (25 ft) than the right point (5 ft). Reversing the 
orientation of the Polaroids in front of the eyes resulted in a simulation in 
which the right object was at 25 ft and the left at 5 ft. 

The two lights could be presented simultaneously, or either the left or 
right light could be presented alone (singly). Care was taken that nothing 
was visible to the observer except the lights, with the remainder of the 
visual field kept totally dark. The observations were made from a dark booth 
containing a head-and-chin rest, the Polaroids, and a shutter for e 
the stimuli. A microphone and earphones permitted the experimenter am 
the observer to speak to each other. 


— Observers—The observers were 72 students in an introductory course in 
psychology. Each had an acuity (corrected, if necessary) of at least 20/20 
in each eye (near and far) and in addition a macular stereoscopic a of at 
least 22.08 sec of arc as measured with a Keystone stereoscope. All were 
naive as to the purpose of the experiment. 


— Procedure—Each observer remained 2 min in the dark observation booth 
before being shown any of the lights. The observers were randomly divided 
into three equal groups: 24 observers were presented only a single light at 
the simulated distance of 5 ft, 24 others were presented only a single light 
at the simulated distance of 25 ft, and another 24 were presented simul- 
taneously with two lights (a pair of lights) at the simulated distances © 
5 and 25 ft. Binocular observation was used throughout, with the right/left 
positions of the lights systematically varied within each group. For the 
observers shown a single light, the task was to report verbally (in feet or 
inches or some combination of both) the distance that the light appear 

to be from their eyes. For the observers shown the two lights simultaneous, 
the task was to report verbally the distance that each of the points of light 
appeared to be from their eyes. Half of the observers presented a pair o 
lights were asked to report the apparent distance of first, the near, an 
second, the far light; for the remaining observers of this group, this order 
was reversed. For each presentation of a single light, the experimenter 
ascertained, by questioning, that the proper binocular fusion had occurTe 

before the observer gave a report of apparent distance. When presented wi 


a pair of lights, the observer was asked to look from one light to the other | 


and to indicate which appeared more distant before reporting the apparent 


distance of either light. 
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Results 

The results of Experiment I are shown in Table I. Medians rather 
than means were considered to best represent the data, since some of 
the distributions are skewed. This is particularly clear for the near 
presentation of the single light, since in this case when the results from 


three observers are removed, the mean and standard deviation become 
440 and 3.06. respectively. 


Table 1. Means, medians, and standard deviations, in feet, of the reported 
distances of the points of light for the single and simultaneous presentations 
at the near (5 ft) and the far (25 ft) simulated distances, Experiment I 


Single light Two lights simultaneously 
Near Far Near Far 
Mean 83.02 8.78 3.33 7.88 
Median 4.00 7.50 3.00 7.50 
SD 301.74 6.17 2.10 4.66 


An overall result evident in Table 1, and expected from the specific- 
distance tendency, is that the median results underestimate the simu- 
lated egocentric distances of the lights, particularly in the case of the 
25-ft simulation, Verbal underestimations of egocentric distance fre- 
quently occur even in multiple-cue conditions of observation (Gogel, 
Hartman, and Harker, 1957), suggesting that some component of the 
underestimation can be attributed to errors in applying the memory of 
a foot ruler to the perceptions of distance. The magnitude of the under- 
estimation of the light at the far simulated distance, however, is such 
as to make any explanation in terms of the mental misapplication of a 
foot ruler highly unlikely. These results, therefore, provide evidence of 
the effectiveness of the specific-distance tendency under the conditions 
of this experiment. 

If the median reported distances of the lights presented singly (the 
single lights) had been the same regardless of convergence distance, 
that is, regardless of whether they were presented at the near or far 
simulated distance, then this would have provided evidence that the 
perceived depth between the two lights presented simultaneously (the 
simultaneous lights) was supported only by binocular disparity. If this 
had happened, the median response to either of the single lights would 
have provided a measure of the egocentric reference distance, a value 
that could then have been applied to the results from the simultaneous 
lights in order to determine which of them appeared at or near the 
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reference distance. However, a test of the medians for the single lights 
indicated (using the Mann-Whitney U test) that the bulk of the re- 
ported distances of the far lights was greater than that of the near 
lights (Z = 2.23, p<.02). Therefore, the question of how the two 
simultaneous lights were positioned perceptually with regard to the 
egocentric reference distance could not be answered by Experiment I. 

In the case of the two simultaneous lights, it may be noted, the re- 
ported distance of the far light was greater than the reported distance 
of the near light, for every presentation of the pair of lights. It should 
also be noted that the median perceived distance of the far light was 
the same whether it was presented by itself or simultaneously with the 
near light but that this was not the result for the light at the near simu- 
lated distance. The bulk of the perceived distances of the near light 
was significantly greater (as determined by the Mann-Whitney U test, 
Z = 2.96, p < .02) when the near light was presented singly than when 
it was presented together with the far light. If the median value of the 
egocentric reference distance here is assumed to be 7.5 ft, these results 
suggest that the far light was always perceived to be near that reference 
distance (and thus unchanged in apparent distance whether presented 

singly or simultaneously with the near light) but that the binocular 
disparity between the simultaneous lights caused the near light to 
appear closer than the constant perceived distance of the far light 
(and thus closer when presented simultaneously than singly ). 

To investigate the scalar calibration of a relationally determined 
depth interval it is required that the perceived depth interval is 
indeed relationally determined—that it was not produced or modified 
by scalar cues such as absolute convergence or accommodation. Since 
the difference in the reported distances of the single (near versus far) 
lights for the first two (near versus far presentation) groups of ob- 
servers can account for much of the perceived depth between the simul- 
taneous lights by the third group, this requirement was not met. The 
results are nevertheless useful in that they demonstrate that absolute 
convergence can be a cue to egocentric distance, at least for distances 
as different as 5 and 25 ft, 

The problem of whether convergence is a cue to distance has gen- 
erated a long history of often conflicting results (see Biersdorf, 1966; 
Biersdorf, Ohwaki and Kozel, 1963; Gogel, 1961a, 1961b, 1962; Heine- 
mann, Tulving, and Nachmias, 1959; Richards and Miller, 1969; Cran- 
nell and Peters, 1970). In the present study the use of the two groups 
of observers cach with a particular convergence distance assured that 
the cue of absolute convergence—as distinct from the cue of conver 
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gence differences—was being investigated. Although it is clear that 
considerable variability occurred between observers, the results sup- 
port the ability of this cue to discriminate between egocentric distances 
of 5 and 25 ft. 


EXPERIMENT II 


Only if absolute convergence had been ineffective in Experiment I 
in discriminating between the two simulated distances of the singly 
presented points of light—only then could the averagé values of these 
perceived distances have been used to determine how a perceived 
depth interval produced by binocular disparity is positioned with 
respect to the egocentric reference distance. Experiment II attempted 
to achieve this condition by reducing the difference between conver- 
gence distances for the near versus far lights. It seemed reasonable to 
expect that despite this reduction, the binocular disparity in the simul- 
taneous presentations would still be an effective cue that the ‘farther’ 
light was at a greater (simulated) distance than the ‘nearer’ light. 


Method 


—Apparatus—In Experiment IL, the simulated distances of the 1.0-mm 
points of light were 10 and 20 ft, rather than the 5 and 25 ft of (omes I. 
The brightness of the lights was the same as in Experiment I. The physical 
(accommodative) position of the lights (the plane of the stereoscope) was 
constant at 13.33 ft from the observer, with the lights horizontally separated 
by 2 deg 20 min of visual angle. In all other respects, the apparatus was 
identical to that of Experiment I. Also, in order to obtain a measure of the 
specific-distance tendency unaffected by oculomotor cues, a point of light 
at a physical distance of 13.33 ft was presented singly to some observers 
and was viewed monocularly through a 1.0-mm restrictive pupil (with the 
Polaroids absent). The luminance of this light viewed through the artificial 
pupil was adjusted until it appeared to the experimenter to have the same 
brightness as the lights viewed through the Polaroids. 


—Observers—The observers were 120 students in an introductory course in 
psychology. They met the same acuity requirements as in Experiment iE 2 
had been used in Experiment I and all were naive as to the purpose of the 
experiment. 


—Procedure— The task and instructions Were the same as in Five 
pap with 24 different observers in each group yo Go BE sie 

randomly assigned to the groups. One group was uer 

mre "he toit (10 ft) Soit nos, followed j^ the simultaneous 

lights at the simulated distances of 10 and 20 ft. Another group ue] pe. 
sented first the single light at the far (20 ft) simulated distance, fo ide 
y the simultaneous presentation of the pair of lights at the simulate 


488 COGEL 


distances of 10 and 20 ft. Another group was presented first the pair of 
simultaneous lights and then the single light at the near (10 ft) simulated 
distance. Another group was presented first the pair of simultaneous lights, 
then the single light at the far (20 ft) simulated distance. Another group 
was presented only the single light, viewed monocularly through the artificial 
pupil. The order in which the perceived distances of the near and far lights 
in a pair were reported and the order in which the near or far light was on 
the right or left in either the single or simultaneous presentations were 
counterbalanced within groups. 

In summary, Experiment II was similar to Experiment I, the main dif- 
ferences being that the simulated distance (convergence difference) between 
the points of lights was decreased, that second as well as first presentations 
were used, and that a separate group of observers monocularly viewed a 
single light through a restrictive aperture. Except for this last group, all 
viewing was binocular. 


Results 


The results of Experiment II for all groups except the group using 
the artificial pupil are shown in Table 2. The mean, median, and stan- 
dard deviation of the results with the artificial pupil were 4.60, 3.00, 
and 4.84 ft respectively. 


Table 2. Means, medians, and standard deviations, in feet, of the reported 
distances of the points of light for the single and simultaneous presentations 
at the near (10 ft) and far (20 ft) simulated distances, Experiment II 


Two lights simultaneously 


Single light Near reported first Far reported first 
Near Far Near Far Near Far 
First presentations 
Mean 754 — 37.25 4.73 7.83 438 654 
Median 5.50 6.00 4.00 6.50 4.00 6.50 
SD 4.87 82.46 3.55 5.83 1.47 2.26 
Second presentations 
Mean 1.48 6.88 6.61 1L44 12.0 1938 
Median 7.50 5.50 4.50 7.00 4.50 7.00 
SD 3.47 4.93 6.04 1160 39.5 58.60 


As in Experiment I, when the two lights were presented simultane- 
ously the far light was perceived to be more distant than the near light 
by all observers. However, unlike Experiment I, the data for the first 
presentations show that when the lights were presented singly the 
bulk of the perceived distances of the far light was not significantly 
greater than that of the near light (Mann-Whitney U test, Z = 12, 
p > .05). From these results and the median values of Table 2, it can 
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be concluded that the difference in convergence to the single (near 
versus far) lights was below the threshold for discrimination on the 
first presentations, whereas on the other hand, and as expected, the 
binocular-disparity cue between the simultaneous lights consistently 
resulted in a difference in perceived distance on both the first and the 
second presentations. 1t will also be noted that the means and medians 
for the single lights on the second presentations were greater for the 
near than for the far light—though this difference, which is opposite 
in direction to that expected from the convergence cue, was not signifi- 
cant at the .05 level (Z = 1.02, using the Mann-Whitney U test). 

As in Experiment I, the large median underestimations of the far 
simulated distance (with either singly or simultaneously presented 
lights) provides evidence for the effect of the specific-distance tendency 
on the perception of distance. But, unlike Experiment I, the reported 
distances of the single lights at the two simulated distances (near 
versus far) were not significantly different. It follows that the average 
median value (5.75 ft) from the first presentations of the single lights 
is an estimate of the egocentric reference distance and can be applied 
to the perceived depth resulting from binocular disparity. 

This 5.75-ft average is between the median values of 4.0 and 6.5 ft 
obtained from the simultaneous lights and is somewhat closer to the 
far than to the near light of this pair. Further, on these first presenta- 
tions, the bulk of the perceived distances of the near light singly pre- 
sented was again, as in Experiment L significantly greater (Mann- 
Whitney U test) than the bulk of the perceived distances of the near 
light simultaneously presented (Z — 3.96, p<.01), but the bulk of the 
perceived distances of the far light singly presented was again, as in 
Experiment I, not significantly less than that of the far light simul- 
taneously presented (Z = .07, p>.05). Thus it seems that a pair of 
simultaneously presented lights is positioned in apparent depth such 
that the egocentric reference distance is closest to but somewhat less 
than the farther light in the pair. 

This conclusion is supported by the results from the second presenta- 
tions. In this latter case, the measure of the egocentric reference dis- 
tance (an average median of 6.50 ft) was less than but close to the 
median perceived distance (7.00 ft) of the far light, and considerably 
farther than the median perceived distance (4.50 ft) of the near light 
of the simultaneously presented pair. In other words, according to the 
results from Experiment Il, under conditions of reduced egocentric 
cues to distance, a depth interval assumes an apparent position with 
Tespect to the egocentric reference distance such that this reference 
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distance is less than but near to the apparent distance of the far light. 
The median reported distance (3 ft) of the light viewed monocu- 
larly through the artificial pupils might also be considered a measure 
of the specific-distance tendency, in this case unbiased by oculomotor 
cues. It has been found, however, that when the stimulus to accom 


modation is removed by presenting a homogeneous visual field, the — 


accommodative state of the eye is to a relatively near distance (Scho- 
ber, 1954). It is likely, therefore, that the use of the restrictive pupil, by 
removing the need for the eye to accommodate, resulted in an accom- 
modation (and an accommodative convergence) to a near distance. On 
the other hand, it is possible also that both the resting state of accom- 


modation and the unbiased value of the specific-distance tendency are — 


to the same distance, indicating perhaps the special behavioral signifi- 
cance of this near distance (see Schober, 1954). 


DISCUSSION 


Calibration of the depth interval from binocular disparity 


The main conclusion from this study is that a depth interval gener- 
ated solely by binocular disparity between two lights is so perceived 
that the farther of the two lights appears near the egocentric reference 
distance. As a result of this process, the observer is able to perceive the 
depth interval as a scalar distance. Basic to this conclusion is the 
assumption that the reports of scalar distance obtained under the re- 
stricted conditions of observation of this study were meaningful. 

If meaningful scalar perceptions occurred between the simultane- 
ously presented lights, these perceptions should have varied as @ 
function of the amount of binocular disparity and the several different 
reports of distance for the same observer should be correlated. Com- 
paring the results from Experiments I and II, it is clear that when the bin- 
ocular disparity between simultaneously presented lights was greater, 
the perceived depth between the lights was also greater. The consis- 
tency between the different reports of distance was examined by calcu- 
lating Pearson product-moment correlations between the perceived 
distance of the far point of light and the perceived depth between the 
lights, for each observer shown the simultaneous presentations. (The 

perceived depth between the lights was obtained by subtracting the 
perceived distance to the near light from the perceived distance to the 
far light.) The resulting values of r were .93 (N — 24) for Experiment 
I and .86 and .99 (N = 48) for the first and second presentations of 
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Experiment IL. Similar correlations obtained for the perceived depth 
between the lights and the perceived distance to the near light were 
57 and .58 and .98 respectively. All of these correlations were statis- 
tically significant at the .01 level. These correlations, particularly those 
involving the far light, provide clear evidence that the scale associated 
with one part of the configuration of light was applied consistently 
throughout the configuration. 

In addition, if the egocentric reference distance (as measured by the 
perceived distance of single lights in Experiment IL) did calibrate the 
perceived scalar depth between pairs of simultaneous lights, these two 
kinds of perceptions should be correlated positively. In other words, the 
distance at which an observer perceived the single light should be cor- 
related with the depth he perceived between the pair of simultaneous 
lights. Since the former measure was skewed, the Spearman rank-cor- 
relation coefficient corrected for ties was applied to the results from all 
96 observers regardless of whether the single light or a pair of lights was 
presented first. The resulting correlation was +.68, which was signifi- 
cant beyond the .01 level. 

The results from the present study are consistent with the following 
explanation of the scalar perception of a depth interval. When an ob- 
server is presented a configuration of binocularly observed objects 
distributed in apparent depth, the stereoscopically more distant part of 
this configuration is placed perceptually near the egocentric reference 
distance (about 6 ft in the present study), with the remainder of the 
configuration appearing to extend toward him from this perceived dis- 
tance. Thus, the perceived scalar depth from a binocular disparity isa 
function not only of the magnitude of the binocular disparity but also 
of the magnitude of the egocentric reference distance. As is indicated 
by the correlation of +.68, the greater the magnitude of the egocen- 
tric reference distance (for a constant binocular disparity), the greater 
will be the perceived scalar depth within the configuration. i 

The results from the first presentations of the simultaneous lights can 
also be applied to test specific hypotheses of binocular vision. Accord- 
ing to Von Kries (1995), 


it ET. ul 
D',D'; 
where T is the binocular disparity, d' is the perceived depth between 
the two points of light, D', and D’; are the perceived distances of e 
near and far points of light from the observer, and i is the interpupillary 
distance (which was assumed in the calculations that follow to be a con- 
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stant). According to Equation 1, the ratio of the left-hand quantities 
obtained from Experiments I and II should be equal to the ratio of the 
binocular disparities in these two experiments. The ratio of the dis 
parities was 3.2, whereas the ratio of the left-hand quantities was 22 
from the means and 2.1 from the medians. 

A hypothesis consistent with the Luneburg theory of binocular 
vision (see Foley, 1967) is that 


d'/D', = KT, [2] 


where K is an observer constant. The ratio of the left-hand quantities 
of Equation 2 using either means or medians from the present two 
experiments was 2.4, again as compared with the ratio of the binocular 
disparities of 3.2. 

From an experiment in which estimates were obtained of the ratio 
of the perceived distances of a near and a far light, Foley (1968) has 
suggested modifying Equation 2 by raising I to a power P. But the 
value of P calculated from the present study was less than unity, where- 
as Foley, using three observers, has found values of P greater than 
unity. Possibly the use of naive observers making only one or several 
distance responses, as in the present study, does not produce results 
that are equivalent to the results obtained from a more extensive series 
of judgments with the same observers. 

Or possibly the d' between the two simultaneous lights in Experi- 
ment I was determined not only by binocular disparity but also by the 
absolute-convergence cue to the distance of each light. It has beem 
found that the function relating perceived distance and convergence 
can be different for different objects in a binocular configuration (Go- 
gel, 1961b). It follows that an observer who is binocularly presented 
two lights, with at least one light at a relatively near distance, has two — 
discrepant sources of information for the perception of d’; one from 
convergence and the other from binocular disparity. If both sources 
contribute to the perception of d’, the value of d' could possibly differ 
from that which would occur if only binocular disparity were available — 
to determine d’. 

Finally, the results from a previous experiment by Gogel (1961b, 
Experiment II) are consistent with and suggest an extension of the 
present results on the apparent positioning of a binocular configuration 
with respect to the egocentric reference distance. In that experiment, 

the relation between convergence and perceived distance was inve 
gated using a monocularly observed comparison feld and either a 
single object or a configuration of three simultaneously presented bino 
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ular objects. It was found that the function relating convergence and 
perceived distance for the single object was more like that for the 
middle and far than for the near object of the configuration. Although 
convergence was somewhat effective with half of the observers and, 
although the egocentric reference distance therefore changed with 
changes in convergence, the results were that the farther portion of the 
binocular configuration tended to appear at the distance of this some- 
what variable egocentric reference distance. This suggests that the ro- 
sults obtained in Experiment II of the present study also would have 
occurred if three rather than two points of light had been simultane- 
ously presented; that is, that the far light in this case also would have 
appeared near the egocentric reference distance. 


Application to other relative-distance cues 


This paper has examined the process by which a metric is intro- 
duced into a perceived depth interval when this depth interval 
determined exclusively by a relational cue. Although binocular dis- 
parity was the relative-distance cue used in this study, the same anal- 
ysis could also be applied to the perceived depth from motion-parallax, 
relative-brightness, or relative-size cues. This analysis involves two 
assumptions: that the distinction between egocentric (absolute) and 
exocentric (relational) cues is meaningful, and that scalar perceptions 


> 


are absent. Although the distinction between egocentric and exocen- 
tric cues has not been widely investigated, there is some evidence that 
it is valid in a number of situations (Gogel, 196la, 1969a; Kinchla, 
1971). The second assumption is supported in that scalar perceptions 


vals will be reported as equal, for example, only when they are E: 
ceived as having equal scalar extents. According to Equations 1 an A 
perceived depth from binocular disparity is calibrated by the Ep. 
distance of the configuration. According to the results of the presen 
study, it is calibrated by the egocentric reference 
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sence of the usual egocentric cues. Also, the concept of an egocentric 
reference distance is not limited to binocular observation and could 
be important in the perceived depth associated with any relational cue 

The hypothesized interrelation between the egocentric reference dis- 
tance and the scalar perception of a relationally produced depth inter- 
val is illustrated in Figure 2. Figure 2 is intended to represent a situ- 
ation in which a relational cue—in this case, a constant binocular dis- 
parity—is present between objects 1 and 2 and between objects 3 and 
4, with none of the usual egocentric cues to the distance of either of 
these configurations. As indicated in Figure 2, the configurations are 
presented successively in order to avoid binocular disparity between 
the two configurations per se. Since the egocentric reference distance in 
this case is assumed to be determined entirely by the specific-distance 
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Fig. 2. Physical and apparent depth between two points of light observed 
binocularly for the condition in which the egocentric reference distance 1$ 
assumed to be the same as the perceived distance determined by the specific- 
distance tendency; the observer is represented at the left, the specific-distance 
tendency by the broken line 
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tendency and since the binocular disparity between the two pairs of 
objects is the same, the perceived scalar depth as illustrated in Figure 
2 is the same for the two configurations. 

If the egocentric reference distance were greater or less than the 
specific-distancy tendency (than the broken line, Figure 2), then the 
perceived depth between the pairs of objects would increase or decrease 
respectively. Or if the magnitude of the binocular disparity between 
one pair of objects (for example, between objects 1 and 2) were 
greater than that between the other pair of objects (3 and 4), the per- 
ceived scalar depth between the former would be ‘greater than that 
between the latter. Or unequal binocular disparities could result in 
equal perceived distances if the egocentric reference distance were 
made to change appropriately between the presentations. 

Since this discussion applies to relational cues in general, the analysis 
of the perceived scalar depth associated with any such cue involves 
three steps. 


Á= 


. The rules governing the apparent position of the depth interval with 
respect to the egocentric reference distance should be determined. 
The present study is only a preliminary approach to this problem. 
Furthermore, it is likely that the egocentric reference distance can be 
determined by factors other than oculomotor cues and the specific- 
distance tendency. It has been demonstrated, for example, that the 
perceived distance of a binocular configuration and the perceived 
depth within that configuration are modified, despite unchanging 
oculomotor cues, by altering the part of the visual field in which 
the configuration appears (Gogel, 1964). 

. The relationship between the perceived depth interval and the 
magnitude of the egocentric reference distance should be determined 
for a constant value of the (relational) cue. 

3. The relationship between the perceived depth interval and the mag- 

nitude of the (relational) cue should be determined for a constant 

egocentric reference distance. 


bo 


Steps 1 and 2, but not step 3, ought to be independent of the cue being 
considered. Thus, considerable predictive generality could result from 
this type of analysis. Even without more information on step 1, it is 
obvious that different results would be obtained from different situ- 
ations, reflecting perhaps the difficulty of obtaining consistent results 
bi ii of the psychophysics of such relational cues to distance as 

inocular disparity. 

Ina Deut kein (Gogel, 1963) it was emphasized that the per- 
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ception of a depth interval resulting from relational cues usually could 
not be explained by the difference between perceptions resulting from 
egocentric cues. This is consistent with the assumed: distinction between 
egocentric and exocentric cues. From the present study it can be con- 
cluded also that the scalar perception of depth from relational cues 
often involves a calibration process using the egocentric reference dis- 
tance. It is asserted that the interrelation of egocentric scalar factors 
and relational nonscalar cues is basic to the production of a visual 
world in which relational cues often are not identical to absolute cues 
but in which perceived extents characteristically are scalar. 


Notes 

This investigation was supported by PHS Research Grant NS-08883 from 
the National Institute of Neurological Diseases and Strokes. The author 
thanks Robert E. Newton and Jerome Tietz for their help in collecting and 
analyzing the data. Revision received for publication August 31, 1971. 

1. Equations 1 and 2 suggest that the calibration of a binocular dis- 
parity by a perceived egocentric distance is direct. Another possiblity is that 
the perception of egocentric distance determines the perceived size (S) 
per unit of retinal size (0) of frontoparallel planes in the vicinity of the 
disparity and that this S'/8 in turn affects the perceived depth from binocu- 
lar disparity (Gogel, 1964). In either case, the perception of egocentric 
distance is basic to the perception of depth from a binocular disparity. 
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The two general conclusions from five experiments on the role of intrapair 
associations in verbal-discrimination learning were, first, that the frequency 
of implicit associational responses has minimal effect on verbal-discrimination 
and two-category classification learning, and second, that the intrapair 
associations which do develop in verbal-discrimination learning are not 
critically involved in the making of those discriminations. 


The studies reported here were initiated by two developments. First 
is the finding that if pairs of strong natural associates (the pair king- 
queen, for example) are used in a verbal-discrimination list, per- 
formance does not differ appreciably from performance on à list of 
nonassociated pairs. Different investigators in different laboratories 
have not always produced results in complete agreement with the 
above generalization, but it is the consensus (Eberlein and Raskin, 
1968; Fulkerson and Kausler, 1969; Lovelace and Schulz, 1971; Pal- 
ermo and Ullrich, 1968). 


as one source of frequency. The theory originally assumed that when 
a common word is used in a learning task, it is likely to TAR) 
plicitly a verbal associate, an implicit associational response ( 
with a situational frequency that is in some sense 
frequency produced by the word actually presented. If, ee el 
associated words (‘high associates’) are paired in a list, al ing m 
(R) and the other wrong (W), and a uui other in 
Plicitly, it should be difficult to establish a frequen 
between the two and learning should be impaired. p). carni x: 
d expectation has not been su| E Why does 

R/frequency theory fail at this point la T 

There is another relevant fact in this first category: 1t high NES one 
are used in a list but are used as members of different pairs, 
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being right and the other wrong (crossed associates), learning 
impaired somewhat (Eberlein and Raskin, 1968; Fulkerson and 
ler, 1969). This may suggest that implicit associational responses 
occurring as assumed by the theory. But if so, why is there not 
the expected impairment when the associates are members of the 
same pair? One possibility is that an association between words ina 
pair is in some way involved in a positive manner with the establish: 
ment of the discrimination. This leads to the second development 
that has prompted the present studies, J 

It is a well-replicated fact that as a verbal-discrimination list 
unrelated pairs is learned, an association develops between the 
members (see, for example, Spear, Ekstrand, and Underwood, 1964). 
Does this association have any functional—hence, theoretic: 
nificance for the acquisition of the verbal discrimination per se? ) 
investigators are inclined to believe that it does, that in some way the 
association aids in identifying which member of the pair is right and 
which is wrong (Fulkerson and Kausler, 1969). The lack of an explicit 
articulation of the mechanisms involved makes it difficult to test the 
notion, but the seeming inevitableness of the development of associa- 
tions between the pair members makes it difficult to dismiss the idea 
that those associations may play a fundamental role in establishing 
the discriminations. 

The experiments to be reported may be viewed as attempts to 
identify the function (if any) that associations play in verbal-discrimi- 
nation learning—as attempts toward a better understanding of the 
failure of the combined IAR/frequency theory. The first two experi- 
ments deal with natural associates, the subsequent ones with associa- 
tions established in the laboratory. Experiment I merely establishes 
the fact that the lack of an effect of paired natural associates On 
verbal-discrimination learning could be replicated in our laboratory. 


EXPERIMENT I 


Method 


—Materials—Four different lists were used, each consisting of 16 pairs. 
Two of the lists were made up of pairs of highly associated. words as deter- 
mined by the associative frequencies in the Palermo-Jenkins (1964) norms 
for college students, The associates varied from 41% to 71% in frequency 
in the forward direction. The backward associations were in some cases of 
relatively low frequency, but it is doubtful that this is of moment when the 
words appear together in a list. Two other lists had pairs of words with zero 
frequency in the norms. For each type of list, the associates, high or zero, 
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were paired for one list and crossed for the other. It probably would not 
have been necessary to use a crossed list for the zero associates. 

Since the words were also used in Experiment Il, they are presented in 
Table 1. Of course, for the lists of high associates, one member of the pair 
was a W word and the other the R word, these functions remaining the same 
in the paired and crossed lists. 


Table 1. Words used in Experiments I and I 


High associates Zero associates 
bitter-sweet hammer-nail bath-cry peice test 
black-white king-queen cold-food ion-white 
bread-butter long dirt deep-trucks mountain-short 
chair-table needle-thread finger-mouse ^ roughestar 
slow-fast blossom-flower et ueen -sweet 
fruit-apple eagle-bird monem carpet-butter 
girl-boy bed-sleey head-grass city-flowers 
green-grass lamp-light joy-mind doctor-table 


—Procedure—Each of the four lists was presented to independent groups 
of 20 subjects each, for one study trial "A five anticipation trials. The rate 
was 2:2 sec, with a 4-sec intertrial interval. The subjects, who were in- 
structed not to guess on the study trial, were 80 aot igor assigned 
to groups by a schedule that block-randomized the four lists. 


Results 


Since there was no apparent interaction in the error scores across 
trials for the four lists, the basic measure used was mean total number 
of errors for the five anticipation trials. The two zero lists had means 
of 8.40 and 8,20 for the paired and crossed lists respectively, and the 
standard deviations were 8.24 and 6.00. The means for the lists of high 
associates were 9.05 when the associates were paired and 13.75 when 
crossed, with the standard deviations being 7.30 and 6.78. 

Analysis showed that no source of variance approached significance. 
The largest F, for zero associates versus high associates, was only 197. 
The data thus confirm the general finding that paired high and paired 
low associates in verbal-discrimination lists do not differentially in- 
fluence the learning. The results were in the appropriate direction to 
Support the other general finding (that crossed associates do impair 
the learning), but the difference lacked statistical significance. 


EXPERIMENT IL 


* , 
The data in Experiment I would seem to indicate that the combined 
TAR/: frequency theory was again not supported, High associates, 
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whether paired or crossed in a verbal-discrimination list, did not retard 
learning. One issue left in doubt is whether or not implicit associational 
responses were occurring as assumed by the theory. This issue is related 
to the general problem of the control a subject has over his encoding 
of responses, of which the implicit associational response is one type. 
Or to put it bluntly, if a subject can detect that his implicit associa- 
tional responses will produce difficulties in learning, can he ‘turn them 
off? Cramer (1969) has concluded that a subject does have such con- 
trol, but a conception such as that held by Wickens (1970) would 
deny this possibility. A direct attack on the problem seems difficult to 
devise, but the conditions of Experiment II were related to this matter. 
We set about to see if we could find a discrimination task in which 
differences in learning between high and zero associates would emerge. 

There were four conditions in the experiment. Palermo and Ullrich 
(1968) reported a study in which words were presented individually, 
with the subject required to make different responses to the associated 
words. For example, when the word king was shown, the subject had 
to remember to pronounce it, but not to pronounce the word queen 
when it was shown. Thus, it was a two-category classification task. 
Their results showed that a list of high associates was more difficult to 
learn than a list of low associates. Unfortunately, a mixed list (both 
high and low associates were in the list) was used, which could in- 
fluence performance for reasons other than differential learning diffi- 


In any event, the first condition in Experiment ll utilized the 
Palermo-Ullrich approach. The second condition was like the first, but 
each time a word was presented its associate was also presented, in 
parentheses. This can be viewed as an attempt to produce the implicit 
associational response for the subject. The third condition was a mixed- 
task list in which half the items were constituted of verbal-discrimina- 
tion pairs and half were presented singly as in the first two conditions. 
A fourth condition involved verbal-discrimination lists with high and 
zero associates. This was included to make sure that with new subjects 
we could replicate the findings of Experiment I. 

The intent behind the use of the classification task should not be 
misunderstood. No assumption was made that the processes of learning 
or the strategies of learning which underlie the classification task are 
the same as those which underlie verbal-discrimination learning. 
Rather, the results reviewed above suggest that implicit associational 

responses may not occur (or may occur with very low frequency) in 
the verbal-discrimination task, where pairs are used. So the classifica- 
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ya task in the first condition presented items individually, to enhance 
spontaneous occurrence of their associates, and in the second 
dition actually presented the associates (in parentheses), as a 
of assuring their presence, if not their spontaneous occurrence. 
ferences in learning lists of high and low associates did not 
ge under these conditions, it could be taken as evidence that the 
of implicit associational responses has been overestimated. 


“Materials and conditions—Each of the four conditions involved two lists, 
ie of high associates and one of zero associates. The words used were the 
both groups of 16 in Table 1. In the first condition (condition 
"the 24 words were presented singly, with the subject required to learn to 
yes to 12 of the words and no to the other 12. This was true for both the 


) always occurred in parentheses below the word for which the dis- 
rimination was required. For example, when the word king was shown, the 
queen occurred below it in parentheses, and when queen a , 
occurred below it in parentheses. The same was true for the arbitrary 
in the zero list. 

third, S-VD condition was the transition condition (between classifi- 
n learning and verbal-discrimination learning), in which the list con- 
d of six verbal-discrimination pairs plus 12 words presented ro ed in 
ition S. The 12 pairs were arbitrarily divided in half and the six 
occurred as verbal-discrimination cw the second six pauses us 
idually presented words. For half the subjects in this condition, the 
functions were reversed. The fourth, VD condition involved the learning 
the two 12-pair verbal-discrimination lists, one of high associates and one 
Zero associates. 


ocedure and subjects—For conditions S and S(A) the 24item lists 
ere presented as though they were paired-associate lists with eir two 
Onse terms, yes and no. A 2:2-sec rate was used in that the was 
ted for 2 sec during which the subject was to respond yes OF no, 
ereafter there followed a 2-sec period during which the shutter án 
lie memory drum to show the correct response (yes or no). as 
dom orders were used, the only restriction hans that associated wi 
occupy adjacent positions. The intertrial interval 


ther told that the word in parentheses might help him since its 
response was always ‘opposite’ of the current correct response. For 
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condition S-VD the subject was instructed as in condition S for the single 
words and for the paired words was given the usual verbal-discrimination 
instructions. The rate remained at 2.2 sec, with the correct member of each 
verbal-discrimination pair being shown when the shutter lifted. It may be 
noted that for conditions S and S(A) the total time per trial (excluding the 
4-sec intertrial interval) was 96 sec; for condition S-VD the time per trial 
was 72 sec. Condition VD was straightforward verbal-discrimination learning 
of the 12 pairs and hence involved 48 sec per trial. 

In summary, there were four conditions, differentiated by the method of 
presenting the material. For each condition there was always a list consisting 
of the 12 high associates and always a second list consisting of the 12 pairs 
of zero associates, Each list within each condition was given to a different 
group of subjects; hence eight groups were required. Each group consisted 
of 24 college students, assigned to a particular list and condition by a 
block-randomized schedule. For condition S-VD, the randomization also 
included the particular list form, each form for both the high and zero lists 
being assigned to 12 subjects. 

All lists were presented for an initial study trial followed by 12 anticipa- 
tion trials, with the subject instructed to respond to all items after the study 
trial. After that, all subjects were, unexpectedly, asked to recall all of the 
words they could, writing them in any order they wished on the prepared 
data sheet. 


Results 


There is little background literature on the task used in conditions 
S and S(A). It may be viewed as a 24-pair, paired-associate list with 
only two response terms. Our preference is to view it as a two-category 
classification task without any systematic basis for the classification. 
The acquisition curves are plotted in Figure 1 in terms of mean errors 
per trial It is quite evident for both conditions that the (singly 
presented) high associates did not result in performance inferior to 
that for the zero associates; in fact, the differences favored the high 
associates on the initial trials. 

The second fact to be noted is that learning was more rapid under 
condition S than S(A); the presence of the words in parentheses in 
condition S(A) retarded learning. Because of the suggestive inter- 
actions with trials seen in Figure 1, the statistical analysis included 
trials as one factor, Only one source of variance (in addition to trials) 
was significant, namely, the difference between conditions S and S(A) 
[F(1, 92 = 5.46, p < .05]. 

Tf the associated words in these two conditions were somehow being 
learned via the natural association between members of a pair, then 
the numbers of errors made on each of the associated words in a pair 
should have been more comparable in frequency than the numbers for 
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—— Eero Associates 


7 High Associates 


MEAN NUMBER OF ERRORS 


TRIALS 


Fig. 1. Mean number of errors by trials for two-category classification tasks 
as a function of associations between pairs; conditions S and S(A), Experi- 
ment II 


words in pairs with no natural associates, as in the zero pairs. For each 
subject a determination was made of the difference in the numbers of 
errors he made on the two words of each associated pair. For example, 
the numbers of errors he made on 'king and on ‘queen’ across 12 
trials were noted, and the difference between these frequencies was 
recorded. For each subject there were 12 such differences. As a control, 
the same differences were determined for the ‘artificial’ pairs of the 
Zero lists, Since number of total errors differed, each subjects score 
Was expressed as a percentage of total errors made. A low percentage 
score would mean that a subject had made highly comparable (more 
homogeneous) numbers of errors on the two words in a pair. 

For condition S the means of these percentage scores were 69.3% 
and 54.7% for the zero pairs and the associated pairs respectively; the 
Corresponding values were 36.1% and 41.7% for condition S(A). 
Following an arcsin transformation, an analysis of variance was per- 
formed. All Fs were based on 1 and 92 df. The zero versus high com- 
Parison was not significant (F = 1.55). However, the difference 
between conditions S and S(A) was highly significant (F = 25.24), 


ba the interaction (F = 6.14) was just short of the .01 significance 
evel, 
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The percentage scores indicate that the parenthetical words, in 
condition S(A), made the learning of the pairs highly homogeneous 
— as much so for the zero associates as for the high. Yet, learning was 
not facilitated thereby; it was impeded. They also indicate that there 
was greater homogeneity in condition S in learning the members of 
associated pairs than in learning members of pairs with zero associa- 
tion. This could mean that some implicit associational responses were 
occurring, but it does not necessarily mean that. Words that are asso- 
ciated may simply be more homogeneous in difficulty than nonasso- 
ciated words, but not necessarily because they are eliciting each other 
during learning. 

It will be remembered that condition S-VD consisted of six verbal- 
discrimination pairs and 12 words presented singly. The pairs and the 
singles were interspersed randomly within each trial. The mean num- 
ber of errors on the first eight trials is plotted in Figure 2. The dif- 
ference between the singles and the pairs is of no consequence, since 
the scores for the singles were based on 12 possible errors, and those 
for the pairs on six possible errors. 

Figure 2 suggests that with this mixed list, the level of association 


Zero Associates 


High Associates 


MEAN NUMBER OF ERRORS 


Fig. 2. Mean number of errors by trials for combined. two-category classi- 
fication (S) and verbal-discrimination (VD) tasks as a function of assoc 
tions between pairs; condition S-VD, Experiment II 
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was producing an effect; for both types of items, the errors were 
greater for the high-associate lists than for the zero lists. Statistically, 
the zero/high variable was significant [F(1, 46) = 4.53, p < .05], with 
the interaction between the two variables just reaching significance 
[F(1,46) = 418, p < .05]. As can be seen, however, almost the entire 
effect of the level of association was produced by the single (S) items. 
Tested alone, the difference between high and zero associates in the 
verbal-discrimination learning (the VD items) was far from significant. 
The outcome seems to be, therefore, that a mixed list produces a re- 
tardation in the learning of differential responses to singly presented 
items when high associates are involved. 

As was pointed out for conditions S and S(A), if the high associates 
presented singly were influencing the learning, a concomitant phe- 
nomenon should have been homogeneity in error frequency for the 
associated words. In condition S-VD differences in error frequency 
for each associated pair for each subject were also determined, with 
the sum of the six differences used as the score. A similar distribution 
of 24 scores was determined for the nominal pairs of the zero associates 
presented singly. For subjects having the high associates, the mean 
was 51.0%; for those with zero associates, 73.4%. Following an arcsin 
transformation, the difference was found to be highly significant 
[F(1, 46) = 10.00, p < .01]. We may thus conclude that there was more 
homogeneous learning of associated than nonassociated words under 
condition S-VD. 

Condition VD consisted of the learning of two verbal-discrimination 
lists, one of paired high associates and one of zero associates. It was a 
replication of the comparable conditions of Experiment I, using 12 
pairs instead of 16. The results were the same, with learning extremely 
rapid for both lists. The mean number of errors across 12 trials was 
633 for zero associates, 4.46 for high. The corresponding standard 
deviations were 5.83 and 5.00, and the F was 1.37. Thus again, high 
associates paired in a verbal-discrimination list had little effect on 


After the 12 learning trials under each condition, the subjects had 
been asked to free recall as many of the words as possible. An analysis 
of variance of the eight groups for the number recalled showed more 
of the high associates being recalled than the low a= 26.50), the 
Means being 20.44 and 18.01. There were no condition effects nor any 
interaction. Clustering of high associates was apparent in all c ons. 
For condition S the zero associates did nof cluster by ‘yes and no 
categories, and no other basis for clustering Was apparent. In condition 
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S(A) two-word clustering of the zero associates was heavy, being 
based on the two words that always occurred together (one in paren- 
theses). Of the total words recalled, 7676 were recalled as pairs. 

The basic conclusion from Experiments I and ll is that natural 
associates have very little influence on discrimination learning. This 
was true for verbal-discrimination lists and for two-category classifi- 
cation learning of words presented singly. It could be argued, of 
course, that high associates in the classification task produced both 
positive and negative effects essentially equal in magnitude. For 
example, when ‘king’ was presented and the correct response shown, 
the subject could have practiced the response both to ‘king’ and 
to ‘queen’ (‘king,’ yes; ‘queen,’ no). But it would seem that the paren- 
thetical words would facilitate such rehearsal, and yet learning was 
slower in condition S(A) than in condition S. If there are balancing 
effects that lead to no differences in learning lists of high and low 
associates, they were not apparent. High associates had no effect on 
classification learning and no effect on verbal-discrimination learning. 
The evidence, therefore, does not support theorizing that makes the 
association between words in verbal-discrimination lists a fundamental 
mechanism in the learning, The only substantial negative effect of 
associates was found in classification learning when this was inter- 
spersed with verbal-discrimination learning. This finding will be 
evaluated in the general discussion. 


EXPERIMENT III 


The plan of Experiment III was to develop associations between 
unrelated words by paired-associate learning and then to use these 
pairs in verbal-discrimination lists, If the association is a critical part 
of the discrimination required in verbal-diserimination learning, per 
formance on that discrimination task should be positively related to 
(improved by) the number of trials on the paired-associate task. 

The design of Experiment III was directed to a certain extent by 
the assumption that the usual verbal-discrimination learning is based 
primarily on a frequency discrimination between the members of each 
pair. Thus the learning of paired associates would produce not only 
associations but also a high level of situational frequency for the in- 
dividual words. Insofar as Weber's law holds for frequency discrimina- 
tions, this base frequency could then retard verbal-discrimination 
learning, here also in direct relation to the number of trials on the 
paired-associate task. 
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Our concern with this latter point might have been minimized had 
we known of the recently published work of Hintzman and Block 
(1971), which shows that apparent frequency can be highly specific 
to a given point in time even for the same type of task. However that 
may be, additional conditions were devised which would allow fre- 
quency inputs corresponding to those in paired-associate learning but 
would not allow associations to develop. There were five conditions, 
three involving different degrees of paired-associate learning (0, 8, 16 
trials) and two corresponding to 8 and 16 paired-associate trials but 
without associative learning. All subjects learned the same verbal-dis- 
crimination list as the final task. 


Method 


— Materials and conditions— Thirty two-syllable concrete nouns were used 
to form 15 pairs for the paired-associate and verbal-discrimination lists. The 
words varied in frequency from 20 to 40 in the E EN count. The 
paired-associate learning was bidirectional in that across tria each word 
in a pair was used equally often as a stimulus term and as a response term. 
The subject was instructed that whenever a word appeared he was to try 
to give the other word in the pair. In one group (condition PA-8) the list 
was presented for 8 anticipation trials (including the stud trial); in another 
(condition PA-16), for 16 trials. Four different orders of the pairs were used, 
with an intertrial interval of 4 sec. 

Two other groups (conditions F-12 and F-24) were exposed to the words 
in such a way as to approximately match the input frequencies for oups 
PA-8 and PA-16 but at the same time to minimize the possibilities of asso- 
ciative formation between or among words. In paired-associate learning, it 
was assumed, each word would gain three frequency inputs every two 
trials, two from exposure frequency and one from a correct anticipation or 
rehearsal. Therefore, the induced frequencies for the F groups were 12 and 
24 to match the input frequencies for groups PA-8 and PA-16 respectively. 
(It should be noted that there was no need to have frequencies exactly 
equivalent in the two tasks before verbal-discrimination learning, since the 

ase frequencies in both cases would be so high that frequency differences 
Within each task would be nondiscriminable. ) The pairs for groups F-12 and 
F-24 were presented exactly the same as in the anticipation procedure for 
groups PA-8 and PA-16, but these F-group pairs were never the same from 
trial to trial and the F-group subject was explicitly instructed not to form 
associations but rather to learn the frequencies with which each word was 
Presented. Twelve different random pairings were used (including a word 
Paired with itself), subject to the restriction that in every 12 trials each word 
occur a minimum of 10 times and a maximum of 14 times. Group F-12 was 
given 12 exposure trials; group 1-24 got 24 trials, with each of the 12 random 
Pairings used twice. 

The subjects in groups F-12 and F-24 were told that they would be tested 
for frequency knowledge periodically. A test was given after every third 
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trial, by presenting six of the words on a sheet of paper, with the request 
that these words Ée rank-ordered for the frequency with which they had 
been presented. A different set of six words was used on each test, so that 
for group F-12, 24 of the 30 words were tested. The same tests were used 
for the second block of 12 trials for group F-24. These tests were used merely 
to make the subjects attend to the words, and no results for them will be 
reported. The subjects in a fifth group, the control condition, got only the 
verbal-discrimination list. 
— Procedure and subjects—All lists were presented at a 2:2-sec rate. Im- 
male, after paired-associate learning, or after the frequency inputs for 
groups F-12 and F-24, instructions for verbal-discrimination learning were 
given. No mention was made of the relationships between the words in the 
two tasks. It should be clear that the verbal-discrimination pairs were exactly 
the same as the pairs in paired-associate learning. The verbal-discrimination 
learning continued until all responses were correct on a single trial; the first 
trial was a study trial (no guessing), and all subsequent trials were anticipa- 
tion trials with the subject responding to every pair. Of course, the position 
of the two words within a pair Varied | from trial to trial, and there were four 
different orders of the pairs. 

The subjects were college students, 22 in each of the five groups. They 
were assigned to conditions according to a block-randomized be aie 


Results 


On the paired-associate learning, group PA-8 produced a mean of 
10.73 correct responses on the eighth trial. During the eight trials, 3 of 
the 22 subjects had all pairs correct on a single trial at least once. Group 
PA-16 had 11.86 mean correct responses on the eighth trial, 13.86 on the 
sixteenth trial. Of the 22 subjects, 15 achieved the criterion of one per- 
fect on at least one trial. 

The criterion for verbal-discrimination learning was one perfect 
trial. Table 2 shows the mean number of trials required to reach the 
criterion and also the mean number of errors on the first trial. The 
first-trial measure does not distinguish among the groups (F < 1), but 
the trials-to-criterion measure does [F(4, 105) = 2.83, p < .05]. As 
can be seen in Table 2, in terms of the latter measure the two PA 


Table 2. Mean number of errors on first trial and mean number of trials to 
criterion, Experiment III 


Condition First trial* Criterion 
Control 3.14 3.91 
PA-8 341 3.00 
PA-16 341 3.18 
F-12 4.45 4.32 
F-94 3.91 4.73 


"The oy based on within-groups variance was .47 for the first trial and E 
for the criterion measure. 
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groups were superior to the control; the two F groups, inferior. How- 
ever, the control group did not differ from the two PA groups combined 
[F(1, 105) = 2.34, p> .05], which indicates that the associations 
developed in paired-associate learning had no appreciable effect on 
verbal-discrimination learning. 

The two F groups combined were inferior to the two PA groups 
[F(1, 105) = 10.76, p < .01]. Two factors may be involved in this 
difference. First, if there was transfer of "learning to learn' from the 
paired-associate to the verbal-discrimination task, the PA groups would 
have been facilitated relative to the F groups (and the small superi- 
ority of the PA groups over the control may also have been due to that 
transfer of learning to learn'). Secondly, the F groups were actually 
making frequency judgments in their first task, and the accumulated 
frequencies may have carried over somewhat to their verbal-discrimi- 
nation task, thereby making those later frequency discriminations more 
difficult. ( We presume the differences between their first and second 
tasks prevented such carryover for the PA groups.) It might be argued 
that a third fact should be considered, namely, that associations were 
developed by the first task for the PA groups and not by that for the F 
groups. The complete lack of a relationship between degree of paired- 
associate learning and verbal-discrimination learning would deny this, 
but the matter needs further consideraton. 

The data in Table 2 indicate that degree of paired-associate learning 
was irrelevant to verbal-discrimination learning. Two additional tests 
were made of this potential relationship. For each subject in groups 
PA-8 and PA-16, we determined the seven items that had been given 
correctly the greatest number of times in paired-associate learning, and 
the seven anticipated correctly the fewest number of times. This divi- 
sion represents a within-subjects difference in degree of paired-associate 
learning. We then asked about the errors made on the corresponding 
pairs of the two classes in verbal-discrimination learning. There was no 
relationship (Fs < 1). 

As a second test, the correlations between the two learning tasks were 
determined. If degree of learning of paired-associates is important for 
verbal-discrimination learning, those subjects doing best on paired- 
associates learning should have done best on verbal-discrimination 
learning. Of course, insofar as there is some general learning ability 
that might underlie performance on both tasks, we would expect the 
relationship to be positive. However, the correlations were .38 for PA-8, 
and 32 for PA-16, Neither attained the 5% significance level of 42. 

It seems, therefore, that the conclusion from Experiment III must be 
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f 
the same as that from Experiments I and II. Associates developed in the 
laboratory ‘behave’ very much like natural associates; neither kind is of 
much consequence for verbal-discrimination learning. The final two — 
experiments will give further support to this conclusion, 


EXPERIMENTS IV AND V 


As was pointed out in the introduction, many studies of verbal-dis- 
crimination learning have shown that associations develop between the 
pair members as performance increases over trials. The present studies 
have asked whether this association is critically involved in the develop- 
ment of the discrimination or whether the association is irrelevant. Ex- | 
periments I-III produced data which have been interpreted to mean 
that the association is irrelevant. In Experiments IV and V, the approach 
was to prevent associations from forming, on the grounds that if the 
association is critically involved in verbal-discrimination learning, pre- 
venting the formation of the associations should at least retard that 
learning. 

In Experiment IV three conditions were employed. One was stan- 
dard verbal-discrimination learning. The second condition involved | 
re-pairing of R and W words on each trial; and in the third condition, 
new W items were used on each trial. Frequency theory per se assumes 
that the association is of no consequence for the discriminations and 
makes specific predictions about the relative rate of learning to be 
expected for the three conditions. 

According to the theory, the re-pairing of the R and W items in the 
second condition should be of no consequence, since the frequency 
differential between R and W words should, on the average, be as 
discriminable with constantly changing pairs as with constant pairs. 
Dominowski (1966) has reported that re-pairing of R and W items 
no influence on verbal-discrimination learning; hence the first two 
conditions may be viewed as a replication of his work. It is also known — 
that re-pairing of R and W items after considerable verbal-discrimina- — 
tion learning has occurred will produce a considerable disturbance in | 
performance (Kanak and Dean, 1969). This problem, to which Wallace — 
and Nappe (1971) have addressed themselves, is not necessarily Te 
lated to the issues involved in the present procedure, wherein the 
re-pairing occurred on every trial from the beginning of learning. 

The third condition, in which new W words are inserted on 
trial, should produce very rapid discrimination. It is essentially a two 
choice recognition situation in which the W words are always new, 
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hence have zero situational frequency, while the frequency of the R 
word is increasing steadily over trials. Yelen (1969) found very great 
facilitation when he added new W items on each trial, even in a four- 
choice situation. wth nonsense syllables. The effect should be even 
greater when the more common two-choice procedure is employed. 

Experiment V repeated the first two conditions of Experiment IV, 
with a change in the instructions to the subjects, This was done in an 
effort to clarify one of the findings of Experiment IV. 


Method 


L 
d 
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? 
E 
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words were chosen from the list provided by Paivio, Yuille, and 

(1968). All words had ratings of concreteness of 6.0 or higher, and all 
contained ten letters or less. From the pool, 15 words were 
chosen to serve as the R words for all conditions. Five other 
formed groups of 15 words served as the W words for the condition in 

new W Wors were inserted on every trial (condition N). For the usual or 
constant condition (condition C) five lists were used. In all of these the R 
words were the same but the W words differed across subjects to correspond 
to the five 15-word sets used for condition N. Each list was given to an 
equal number of subjects. These same five lists were used for the condition 
in which the R and W words were re- on each trial (condition R). 
In Experiment V, only conditions C and R were run. 


words (above or below the other) during the anticipation interval cl 
unsystematically over trials. The correct word was shown alone during the 
feedback interval. For Experiment IV the usual verbal-discrimination instruc- 
tions were given. For Experiment V the instructions were vr ee for 
condition R, where the subjects were told that the words would paired 
differently on each trial but that a given correct word would always remain 
Correct word. i j 
À total of 90 subjects was used in Experiment IV, 30 being assigned to 
each condition. In conditions C and R, 6 subjects were assigned to each of 
the five list forms. The three conditions were randomized in blocks of 15, 
which included 1 subject for each of the five forms for conditions R and C, 
and 5 bos for condition N. The subjects were assigned to conditions in 
er of appearance. 4 
In cae foe V, in which only conditions R and C were used, 20 subjects 
Were assigned to each condition. Only one list was used. Other than the 
number of subjects in the two conditions, and the use of a single list, the 
only difference between Experiments IV and V was in the instructions to 
subjects. 
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Results 


The results of condition N of Experiment IV may be quickly dis. 
posed of. In this condition new W items were used on each trial. On 
the first anticipation trial, the mean number of errors was 1.00. Of the 
30 subjects, 17 had perfect performance on the first anticipation trial, 
2 made one error each on the second trial, 1 made one error on the 
third, and all had perfect performance on the fourth trial 

The results for conditions C and R for both experiments are shown 
in Figure 3. For Experiment IV (left panel) the performance under 
condition R was inferior to that under condition C. In terms of mean 
number of errors across all trials, the difference was statistically signi- 
ficant [F(1, 58) — 4.42, p « .05]. The largest difference appeared on 
the first trial. It seems unlikely that a re-pairing decrement would be 
so large on the first trial, when the associations would be relatively 
weak, and rather more likely that the difference was due to the sub- 
ject's being puzzled by the unexpected appearance of new pairings. Of 
course, for the subject to be puzzled would require that some associ- 
ations had been developed between the pairs on the study trial—other- 
wise, the change would go unnoticed. 

However this may be, the purpose for conducting Experiment V was 
to eliminate, by instructions, this possibility of confusion for condition 
R. As a consequence, it seems, the difference between the two condi- 
tions was eliminated, and Dominowski's findings (1966) were confirmed. 


Condition C 
Condition R 


ERRORS 
> 


or 
» v 


MEAN NUMBER 


TRIALS 


Fig. 3. The effect of the re-pairing of right and wrong members of pairs in 
verbal-discrimination leaming; condition C is the control, condition R, A 
re-pairing condition; Experiment IV (left panel), Experiment v (rig 
panel) 
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This is seen in the right panel of Figure 3. Actually, performance was a 
little better under condition R than C, but the difference was far from 
significant. A comparison of the two panels shows that the major change 
in performance between the two experiments was in condition R, 
where the reduction in mean total number of errors was 3.50 [t(48) 
= 222, p « .05]. The difference for condition C was .57 errors (t 
= 35). 

In condition R of Experiment V the instructions about the changes in 
the pairings should have eliminated any tendency for a subject to try 
a strategy involving associations between the members of the pairs. In 
this sense, then, the data indicate again that such associations are not 
a necessary part of verbal-discrimination learning. Both Experiments 
IV and V indicate that the prevention of development of associations 
between members of pairs does not retard learning; and both, in a 
positive sense, give strong support to the frequency theory (as opposed 
to the combined IAR/frequency theory) of verbal-discrimination 
learning. 


GENERAL DISCUSSION 


The bulk of the evidence in the five experiments leads to the con- 
clusion that associations between members of pairs are not critically 
involved in verbal-discrimination learning. In Experiments I and II the 
pairing of strong natural associates had no influence on learning. In 
Experiment III the development of associations between neutral words 
did not influence subsequent performance. And in Experiment V 
prevention of the development of associations had no effect if the 
Subject was appropriately instructed. 

Yet, having reached the conclusion that associations are of little 
consequence, the question remains as to why strongly associated words 
do not retard verbal-discrimination learning. If two words are paired, 
if they are strongly associated, and if they persistently elicit each other, 
how can a frequency differential develop—or indeed, any other stable 
differentiating cue? à 

We believe the evidence points to the likelihood that the assumption 
of persistent elicitation is incorrect. If that assumption were true, then 
the classification task used in condition S of Experiment II would al- 
Most certainly have been influenced by the associates. It does not seem 
Possible that the null effects obtained would have been found if the 
associates were in fact persistently eliciting each other implicitly. In 
other words, it may not be a matter of the subject's not recognizing that 
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highly associated words are present; the heavy clustering in free recall 
would probably indicate that he is recognizing them. It seems more 
a matter of the subjects being capable of ignoring the associations, 
of turning them off. At least two problems confront this position. 

First, in condition S-VD of Experiment IL where classification 
learning and verbal-discrimination learning were inserted in the same 
task, the high associates did indeed retard learning, primarily the two- 
category classification learning. We have no adequate accounting of 
this other than to say that each task may well require different learning 
strategies (the use of different attributes) to develop the discrimi- 
nations and that combining the tasks might have created conditions 

under which the subjects could not handle—prevent the occurrence of 
—some implicit associational responses in the classification learning. 
The second problem concerns the finding by some investigators 
(noted in the introduction) that crossed associates produce some 
difficulty in learning. In the present Experiment I, the effect was 
present but not significant statistically. The assumption that this effect 
is produced by implicit associational responses may be in error. What 
may be more relevant here is Wallace's idea (1972) that the growth 
of apparent frequency as a function of input frequency is far more 
uniform for highly associated words than for randomly paired words. 

It is known that words differ rather widely in apparent frequency as 

a function of constant input frequency; what Wallace assumes is that 
associated words are more like each other in the relationship between 
input and apparent frequency than are nonassociated words. This does 
not mean that for all pairs of associated words the growth in apparent 
frequency as a function of input frequency is equivalent. For example, 
two inputs for a given pair of associated words might be reflected in 
apparent frequencies of two for each word, whereas for another pair 
of associates the apparent frequencies might be three for each word; 
the relationship is the same for each word within a pair, but different 
between pairs. 

If this assumption is correct, it means that when associates are 
paired in a verbal-discrimination task, the growth of frequency dif- 
ferences between R and W words will be consistent and stable. When 
these associates are crossed, the growth of apparent frequency for the 
W word for each frequency input may be more rapid than for the R 
word, making a frequency differential difficult to establish. Thus, impli- 
cit associational responses are not necessary to account for the decre- 
ment found in verbal-discrimination learning with crossed associates. 

The direction of this discussion has obviously been determined by 
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an adherence to frequency theory. What issues would arise if it were 
assumed that verbal-discrimination learning is based primarily on some 
discriminative characteristic or cue other than frequency? For example, 
suppose it is assumed that verbal-discrimination learning is essentially 
a two-category classification problem in which the R words are stored 
and tagged' as R words, and the W words stored and tagged appro- 
priately. If this were true, it would follow that a 12-pair verbal-dis- 
crimination list should be learned at about the same rate as a 24-item 
ssification task with items presented singly. The data of Experiment 
II indicate that this is not even approximately true: in condition S 
(two-category classification of 24 high associates), the mean total 
number of errors across trials was 31.08, whereas in condition VD 
(the same items on a 12-pair verbal-discrimination list), the corres- 
ponding value was 4.46, even though the time per trial for the classifi- 
cation task was 96 sec and that for the verbal-discrimination task only 
48 sec. It does not seem, therefore, that this kind of theoretical ap- 
proach can meet the facts. Of course, there may be other approaches 
that can. 


Notes 


This work was supported by Contract N00014-67-A-0365-0010, Project 154- 
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Reproduction in whole or in part is permitted for any purpose of the United 
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SOME EFFECTS OF LEARNING TO A SET OF 
COMPONENTS ON STIMULUS SELECTION 


Jack Richardson and Sara K. Stanton 
State Unicersity of New York at Binghamton 


Alter frec learning of, or learning digit responses to, a set of components 


(letters from a single position in consonant trigrams), the subjects learned 


paired-associate list with the trigrams as stimuli. Free of the com- 


ponents had no effect on stimulus selection from the trigrams. was 


evidence that subjects changed functional stimuli to avoid negative transfer 


from learning different responses to the and their corresponding 
trigrams. Learning the same to on produced transfer 
from the components to the trigrams, but no evidence of the responses 
to the additional components. 


Underwood, Ham, and Ekstrand (1962) suggested that words may 
be selected as functional stimuli in preference to colors because sub- 
jects are more accustomed to dealing with words as stimuli. However, 


components on the subsequent stimulus selection from compound 
stimuli, Houston (1967) found that prior use of a component as a 
stimulus in a paired-associate list tended to increase the selection of 
that component as the functional stimulus when it was used as a 
component in a compound stimulus. Richardson and Chisholm (1969) 
showed that learning which required the use of letters from a single 
position in trigrams as functional stimuli increased the selection of 


letters from that position in subsequent learning. 


Verbal material is very familiar to the usual adult subject and the 
units are probably well differentiated, so that learning to discriminate 
is not usually involved in paired-associate learning. This seems to 


leave three major types of learning with components that may be 
relevant to the subsequent selection of the components as 
stimuli from compounds. First is familiarization, which merely gives 
the subject some immediately prior experience with a set of 3» 
Ponents and serves to distinguish them from other components of 
m In this case, no specific response is learned to the com- 
t. " 
In the second type of learning, a response is learned to the com- 
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ponent. This should produce positive transfer to the learning with 
the compounds as stimuli if the response learned to a component is 
also the response to the compound containing that component. This 
is the positive transfer condition used in the present study. Since under 
this condition transfer from the component to the compound containing 
the component should be essentially perfect, the effect on selection 
from the compound is relevant to the question of what occurs to 
stimulus selection during overlearning. If, as James and Greeno (1967) 
suggest, the stimulus-selection mechanism is relaxed after paired- 
associate performance is perfect, then prior learning of the response 
to a component should produce learning to the other components 
during the trials with the compound stimulus. 

The third type of learning conforms to the paradigm for negative 
transfer and consists of learning different responses to a component 
and the compound containing that component. The effect on stimulus 
selection is relevant to the question of whether the subject shifts to a 
different functional stimulus in the face of negative transfer (Martin, 
1968). 


EXPERIMENT I 
Method 


—Lists and design—The design was a 4 X 2 X 2 factorial with type of 
component list as the first factor, number of trials of component-list learning 
as the second, and position in the trigram from which the component letters 
were taken as the third. 

First, all subjects learned a paired-associate practice list consisting of 
six vowel-word pairs (A-FIX, E-TAG, I-COW, O-SUM, U-HER, vy-nup) for either 
3 or 10 trials. 

Next, the subjects in the experimental conditions learned a ‘component 
list? with one letter from each of the six trigrams in the compound list as 
stimuli, The subjects in condition A (familiarization) were presented the 
six letters for free learning, Those in condition A-B (positive transfer) were 
presented a paired-associate list in which the six letters were paired wi 
the same m as were the trigrams that contained those letters in the com- 

see below). The subjects in condition A-C (negative transfer) 
got a paired-associate list in which the six letters were paired with the num- 


on the component lists for the subjects in conditions A, A-B, ant 
from either the first or third position in the compound-list trigrams. 


> 
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Finally, all subjects learned the same compound list, six pairs of items 
with consonant trigrams as stimuli and digits as responses (BQD-1, ZSG-2, 


CFP-3, XJM-4, TLN-5, RKH-6). There was no duplication of letters in these 
six trigrams 


—Procedure—All paired-associate learning was by the study/test method 
with presentation of the pairs and of the six stimulus items alternating 
from study to test cycles. Six different sequences were used for presentation 
of the pairs on the study cycles, and another six sequences for presentation of 
the stimulus items on the test cycles. All stimuli were presented on two 
IEE-80 display units at a 2-sec rate with a 2-sec interval between cycles. 
The subject was not required to pronounce the stimuli as they appeared, 
and standard paired-associate instructions were used. 

In the component-list learning for condition A, the six letters were pre- 
sented at a 2-sec rate on the right display unit for the study cycles. On the 
test cycles, a light in the left display unit flashed at a 2-sec rate, and the 
subject was instructed to say one of the letters each time the light flashed. 

The compound list was presented to all subjects for four study /test 
trials, The subject was not told of the relationship of the compound list 
to the previous list nor that recall would be required after the learning trials. 

Immediately after compound-list learning, each subject was presented 
the six letters from either the fist position of the trigrams or the third 
position, Each letter was preceded or followed by two dashes representing 
the missing letters, and the subject was asked to recall the correct digit 
response from the compound list. It should be noted that the set of letters 
presented as cues for recall was not the set used as stimuli in the component 
list for that subject. If the subject learned a component list with letters 
from the first position of the trigrams as stimuli, the letters from the third 
position were used as recall cues. If the component letters were from the 
third position, the recall cues were letters from the first position. ; 

After response recall, the same letters were again presented on the dis- 
play units, and the subject was asked to recall the letters represented b 
the two dashes. Both response and stimulus recall were subject-paced; eac 
letter was presented only after the subject responded to the previous one. 

Latencies were recorded for the recall responses in the hope that they 
might give some information on the possibility of mediated atr 
(Postman and Greenbloom, 1967). The latencies were characterized only 
by extreme variability and will not be reported. 


—Subjects—The subjects were college students from introductory psy- 
chology courses and were not necessarily naive to paired-associate learn- 
ing. The 16 conditions were listed in counterbalanced orders and subjects 
assigned to the conditions in that order as they appeared at the laboratory. 
In addition to the 192 subjects who completed the experiment (12 in each 
of the 16 groups), 5 subjects were dropped for malfunctions of experi- 
menter or equipment and 1 for failure to learn. 


Results 


First are the results on practice-list learning. All subjects had either 
three or ten learning trials on the practice list. The mean numbers 
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of correct responses on the first three trials ranged from 8.58 to 11.67 
for the 16 groups; the overall mean was 10.03. On this, as well as 
subsequent measures, à ‘three-between’ (type of component list, 
number of trials of component-list learning, and position of the com- 
ponent letters in the compound) analysis of variance was computed. 
None of the sources of variance for the number of correct responses 
on the first three trials approached significance at the .05 level. Thus 
there was no indication that the groups of subjects differed in learning 
ability. 

For component-list learning, there was no reason to expect the lists 
to be equal in difficulty. More correct responses were given in con- 
ditions C-D and A than conditions A-B or A-C. An analysis of variance 
on the number of correct responses during learning showed that type 
of component list [F(3, 176) = 14.99], number of trials of component- 
list learning [F (1,176) = 1989.50], and the interaction of type of list 
and number of trials [F(3, 176) = 4.83] were significant. 

Three of the 16 groups of subjects made on errors on the last trial 
of component-list learning, so an analysis of variance on this measure 
was not appropriate. The mean numbers of correct responses on the 
last trial for the 8 groups that received three learning trials ranged 
from 5.33 to 5.92 with an overall mean of 5.60. The means for the 8 
groups that received ten learning trials varied from 5.25 to 6.00 with 
an overall mean of 5.76. The major point here is that performance Was 
close to perfect after three trials and that the seven additional trials by 
the ten-trial groups were primarily overlearning of the component 
lists. In those 2 groups that had ten trials on the A-B component list, 
19 of the 24 subjects made 2 or fewer errors during the last seven trials. 

Table 1 presents the mean numbers of correct responses during the 
four trials of compound-list learning. The means show no indication 
of any effects due to number of component-list learning trials or to 
component position. Compared to the C-D control, the free learning 


Table 1, Mean correct responses during compound-list learning, Experiment I 


Component Component position 1 Component position 3 
list 3 trials 10 trials Combined 3 trials — 10 trials Combined 
C-D 1767 1758 1762 1600 1633 1617 
A 1642 less 1650 1650 1592 162] 
A-C 1383 1449 1412 1737 1728 — 1031 
A-B 21.25 22.50 2188 2192 1892 20.42 


Total 1/29 «177! 1753. 1790 1710 — 1750 
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of condition A seemed to have no effect, and condition A-B produced 
positive transfer. There was a suggestion of negative transfer in con- 
dition A-C when the letters from the first position in the trigrams were 
used in the component list, but not when the third letters were com- 
ponent stimuli, 

These rather reasonable trends were supported by the analysis of 
variance. Type of component list was significant [F(3, 176) = 13.56), 
and the interaction of type of component list and component position 
approached significance [F(3, 176) = 2.56, p < .10]. The error variance 
(21.62) from the analysis of variance was used in t tests and a dif- 
ference of 2.70 was required between the combined groups to be 
significant at the .05 level. With the third-position components, con- 
dition A-B was superior to the other conditions. With the first-position 
components, condition A-B was superior to the other three conditions, 
and condition A-C inferior to C-D, but not to A. 

The mean numbers of correct responses on the response-recall trials 
are presented in Table 2 for each of the 16 groups and for the com- 
bined groups. In parentheses below the heading for the position in 
the trigram of the letters used as component stimuli is shown the 
position in the trigram of the letters used as cues for recall. These two 
positions are redundant in this experiment, but cue position is more 
important for recall and simplifies discussion of the recall results. 
Although there were several small differences between the recall to 
the first- and third-letter cues (Table 2), none of the interactions 
approached significance. The letters from the first position in the 
trigrams were more effective cues for response recall than letters from 
the third position [F(1, 176) = 97.01], which agrees with previous 
findings (Jenkins, 1963; Lovelace and Blass, 1968; Postman and Green- 
bloom, 1967), The significant effect of type of component list [F(3, 
176) = 13.64] was primarily due to poorer recall in condition A-B. 
Increased number of trials of component-list learning facilitated recall 


Table 2. Mean correct responses on recall, Experiment I 


Component position 1 Component position 3 
Com ponent (Cue position 3) (Cue position 1) 
S 3uk 10 trials Combined 3 trials 10 trials Combined 
CD a58 aer me ee $0 
A les - 395 MERDA — 475 SoS 
AC 192. 267 299 «525 M PRU 2.08 
AB Los L67 2.135 2.7 MOERS 2/9 


Total "A u-- tl M 
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[F(1, 176) = 458, p < 05]. Although most of this main effect was 
due to the difference in the conditions with first-position components 
(third-letter cues), the interaction of number of trials and component 
position was not significant [F(1, 176) = 1.20]. 

Table 3 gives the probabilities of correct recall responses to those 
letters for which neither of the two missing stimulus letters was re 
called correctly. The number of cases for the 16 groups ranged from 
32 to 53. The probabilities are rather variable but the pattern of dif- 
ferences in recall due to type of component list and to component 

sition is similar to that in Table 2. Apparently these differences 
cannot be explained by the possibility of differential mediation via 
letters from other positions (Postman and Greenbloom, 1967). 


Table 3. Conditional probabilities of correct recall when no stimulus letters 
were recalled, Experiment I 


Component position 1 Component position 3 

Component (Cue position 3) (Cue position 1) E 
ist 3 trials 10 trials Combined 3 trials 10 trials Combined 

C-D 32 28 30 67 .80 4 

A 21 AT 32 68 69 68 

A-C 23 20 22 .85 T 81 

A-B AT 16 16 21 ES: 30 
Total 23 27 24 56 69 62 — 


On the other hand, the number of trials of component-list learning 
did not show the same effect on the conditional probabilities as on 
the number of correct responses recalled. This difference was due to 
differential recall of the missing stimulus letters. The only significant 
sources of variance in the number of correct letters recalled were the 
main effect of number of trials of component-list learning [F(1. 176) 
= 6.77, p < 05] and the interaction with component position (FU, 
176) = 9.33]. The main effect here was entirely due to differences in 
letter recall with the third letters as cues (first-position components). 
The mean numbers of correct letters recalled to first-letter cues were 
3.69 and 3.52 with three and ten trials of component-list learning. The 
corresponding means for third-letter cues were 2,67 and 4.75. How- 
ever, in addition to the lack of a significant triple interaction, the en 
in the control condition was the same as in the experimental conditions. 
This makes the significant effects impossible to interpret, since the 
number of trials of component-list learning was a dummy variable in 
the control condition. At any rate, the fact remains that superior aA 
sponse recall with the higher degree of component-list learning s 
related to superior stimulus-letter recall This could mean that 
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perior response recall was due to mediation via other stimulus 
letters. 
“In brief, the free learning of a set of component letters produced 
po effect on compound-list learning or on recall. It is clear that learn- 
the same response to the component as to the compound (con- 
- dition A-B) produced positive transfer and reduced recall to the other 
“Wetter. This is not what would be expected if the selector mechanism 
fs relaxed during perfect performance on a paired-associate list. The 
efect of condition A-C may be more complex, but there was nothing 
to suggest that the subjects changed functional stimuli in this negative 
transfer situation. Even when the subjects were pretrained on the 
monpreferred set of letters (third-position), there was no increase in 
recall to letters from the preferred (first) position. However, the recall 
“to the first-letter cues was rather high; about five out of six correct. 


D EXPERIMENT I 


‘active inhibition. Consider the retroactive inhibition paradigm where 
‘first-list learning is followed by second-list learning with the same 
“fominal stimuli and different responses. If a subject uses one come 


Martin, 1968 ). 

Since most subjects select the first letter from a consonant trigram 
as the functional stimulus for learning, forcing second-list learning to 
the first letters should produce more retroactive inhibition than forcing 


list with consonant trigrams as stimuli. The interpolated list had either 
the same trigrams, letters from the first position, letters from the second 
Position, or letters from the third position of the trigrams as stimuli. 


—Lists and design—The list for original learning consisted of six pairs with 
L rien as stimuli (LGB, EU DSQ, CJT, KHP, xr) and adjectives 
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as responses (rapid, quiet, fancy, single, entire, heavy). Each letter ín the 
trigrams occurred only once, and there were three different pairings of 
stimuli and responses. The interpolated list defined the conditions, the 
six stimuli consisted of either the same six trigrams as in original leaming 
(condition A-C), the letters from the first position in the trigrams (condition 
A,-C), the letters from the second position in the trigrams (condition A,-C), 
or the letters from the third position (condition A,-C). The responses were 
adjectives different from those in original learning (certain, only, gentle, 
narrow, direct, proper), and there were two different pairings of the stimuli 
and responses in each of the four conditions. Each possible original/inter- 
polated list sequence was used equally often. 


—— Procedure—AIl stimuli were presented on a Stowe memory drum. Both 
original and interpolated learning were by the study/test method, with 
items presented at a l-sec rate on the study cycles and a 3-sec rate on the 
test cycles. 

The first list was presented to a criterion of five of six correct, and the 
second list to a criterion of one perfect trial. There was a 10-min interval 
between the end of original learning and the first recall. The portion of the 
interval not required interpolated learning was filled by having the 
scs count backward by threes. 

stimuli for the first recall were the trigrams from the first list. They 
were presented for one trial at a 4-sec rate; the subject was given a list of 
the first-list responses and told to guess if he did not know the correct ad- 
jective. Three different orders of the trigrams were presented for recall, 
and an equal number of subjects in each condition received each of the 
three orders. 

Immediately after recall to the trigrams, the 18 letters from the trigrams 
were presented individually and the subject was again asked to give the 
first-list ses. The subject kept the list of original-learning respons® 
and was asked to guess if he did not know the correct adjective. Each 
subject was given three recall trials to the 18 letters at a 4-sec rate. Wil 
eac! trial the sequence of letters was counterbalanced for position in the 
trigrams. The letters were in a different order for each recall trial, and an 
epa number of subjects started the recall trials with each of the three 
orders. 


—Subjects—The subjects were college students from an introductory psy- 
chology course. The interpolated-learning conditions (A-C, A;-C, A,-C, AC) 
and the control condition were listed in random order, subject to the re- 
striction that each condition appear equally often, and subjects assign 

to conditions in that order as they appeared at the laboratory. In addition 
to 90 subjects who completed the experiment (18 in each of the five con- 
ditions), 4 were dropped for failure to complete the learning sequence. 


Results 


The mean numbers of trials to criterion for original and interpolated 
learning are shown in Table 4. The trials to criterion on original learn 
ing were not significantly different [F(4, 85) < 1], so there is zm 
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idence that the five groups of subjects differed in learning ability. 

trials to criterion on interpolated were significantly dif- 
[F(3, 68) = 3.43, p < .05], but since interpolated learning 
us different for cach condition, the results cannot be interpreted in 
ms of amount of negative transfer. 


4. Me 
interpolated learning (second list), 


First Second 
Condition list 
A-C 7.39 8.39 
A,-C 8.39 6.28 
A-C 732 472 
A;-C 7.1 5.50 
Control 6.44 


e 5. Mean number of correct responses recalled to the trigrams and to 
ie single letters from the trigrams, Experiment II 


mean numbers of correct recalls to the single letters were 5.89, 
and 6,02 for trials 1, 2, and 3 respectively, differences that did 
approach significance (F < 1). The mean numbers of correct 
onses to the letters on all three trials are presented in Table 5 as 
mction of condition and letter position. The overall recall to the 
letters reflects that to the trigrams; neither condition [F(4, 85) 
. = 1.54] nor the interaction of condition and letter position [F(8, 170) 
L| * L61] was significant. Position of the letter in the trigram was E 
significant source of variance [F (2,170) — 10.44). As with the 
m stimuli, recall in condition A-C was at least, and Table 5 further 
that the difference in overall recall to the letters was due pri- 
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marily to differences in recall to letters from the first position. 

As a further check on the stimulus selection, an efficiency score was 
computed from the recall to the single letters for each subject. Only 
those items on which the recall response was right on two or more of 
the three trials were considered correct. The efficiency score is the 
percentage of the total correct recall responses that were different 
responses. For example, if the three letters from trigram LGB were 
presented singly and the recall responses to L and B were correct but 
the response to c was incorrect, that would be two correct recall re- 
sponses but only one different (in correct recall) response. The number 
of different sets of three letters from the trigrams that elicited one or 
more correct responses was divided by the total number of correct 
responses and the result multiplied by 100. The mean efficiency scores 
were 81, 81, 80, 72, and 76 for conditions A-C, A,-C, A.-C, As-C, and 
the control condition respectively. These differences were not signifi- 
cant (F « 1), but the trend for higher efficiency in the experimental 
conditions suggests that interpolated learning may differentially affect 
the recall of items with only one versus more than one component as 
an effective recall cue. 

In sum, although the amount of retroactive inhibition was rather 
small, this should not be allowed to obscure the fact that recall in 
condition A-C was less than in any other condition. There was again 
no evidence to suggest that subjects with the same compound stimulus 
items in the two lists shifted functional components from first- to 
second-list learning. 


EXPERIMENT III 


This experiment continued investigation of the effect of the positive 
transfer involved in learning the same response to the component and 
to the compound containing the component. Since in Experiment I, 
only four compound-list learning trials were given to the subjects, it 
seemed possible that additional trials might reveal a relaxation of the 
selector mechanism. In addition, the learning to the component stimuli 
in Experiment III was to a criterion, to ensure that all subjects gave 
the correct responses to the set of components before learning W! 
the compounds as stimuli. 


Method 


—Lists and design—The four conditions were defined by the component 
list used for first-list learning and by the number of trials on the compoun 
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list. The component list had either the six letters from the first position 
of the trigram (condition A,-B) or the six letters from the third position 
condition A,-B) as stimuli; the responses were the same as those to the 
corresponding trigrams. After learning of the component list, the com- 
pound list was presented for either four or eight learning trials, The com- 
pound list (A-B) consisted of the same six trigram-digit pairs used in Ex- 
periment I. 


—Subjects— The subjects were college students and were not necessarily 
naive to paired-associate learning. Four other conditions from another ex- 
periment were run at the same time as the four conditions in this experi- 
ment. The conditions were listed in counterbalanced orders and subjects 
assigned to conditions in that order as they appeared at the laboratory. In 
addition to the 72 subjects (18 in each of four groups) who completed the 
experiment, 2 were dropped for failure to learn the first list in 50 trials 
and 1 because of equipment failure. 

—Procedure—Both lists were presented on a Stowe memory drum by the 
study/test method at a 2-sec rate and a 2-sec intercycle interval. The 
component list (either A,-B or A,-B) was learned to a criterion of two 
successive perfect trials. Immediately after first-list learning, the trigram- 
digit list (A-B) was presented for either four or eight learning trials, 

After compound-list learning, the 18 letters from the trigrams were pre- 
sented individually for three recall trials. The position of the letters in the 
trigrams was counterbalanced within trials, and a different order of the 
18 letters was used for each trial, An equal number of subjects within each 
condition started recall with each of the three orders. Single letters were 
printed on cards, and the subject was required to turn the cards up one 
at a time and attempt to give the digit that had been paired with the letter 
during learning. If he did not know the correct response, he was required 
to guess one of the digits 1 through 6. All responses were recorded by the 
experimenter. 


Results 


The mean numbers of trials required to learn the component list to 
the criterion of two successive perfect trials were 9.67, 7.72, 9.00, and 
9.17 for conditions A,-B with four trials, A,-B with eight, As-B with 
four, and A;-B with eight trials respectively. These differences did 
Not approach significance (Fs < 1). 3 

The mean numbers of errors during learning of the compound list 
Were 238, 2.72, 6.17, and 9.11 for conditions A,-B with four trials, 
A,B with eight, A,-B with four, and A;-B with eight trials respec- 
tively, It should be noted that the major difference in number of errors 
was due to the position of the set of component letters in the trigr nns 
There were very few errors to the trigrams if component-list learning 
had been to letters from the first position, and considerably more if 
it had been to letters from the third position. This difference occurred 
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: 
primarily during the first four trials of compound-list (A-B) — 
Examination of the distribution of error scores showed that the 
ferences in conditions were almost entirely due to the subjects whe 
made ten or more errors during A-B learning. Only 1 subject from 
the 36 in condition A,-B made ten or more errors, while 10 subjects - 
from condition A,-B made ten or more errors. 

The mean numbers of correct recall responses were 8.65, 8.39, and 
8.61 for trials 1, 2, and 3 respectively; these differences did mot 
approach significance [F(2,136) <1]. The mean correct response 
during the three recall trials are presented in Table 6. Although eight 


Table 6. Mean number of correct responses recalled to the letters from cach 
position in the trigrams, Experiment III 


Condi- Number Cueposition — 
TS o 
A,B 4 15.94 4.72 4.44 25.11 

8 16.56 6.00 5.61 28.17 
A-B 4 8.33 3.56 11.89 23.18 
8 7.18 3.94 13.83 25.56 


SL ee ee. 394 X 1255 &—. 
trials of compound-list learning produced a few more mean correct 
recall responses than four trials (26.86 and 24.44), the difference be: 
not significant [F(1,68) = 2.05, p > .10]. The only sources of | 
ance that approached significance were trigram position of the letters 
used as cues for recall [F(2, 136) = 80.53] and the interaction 0f. 
position of recall letters and position of component-list letters (F(3. 
136) — 89.83]. More correct recall responses were given to letters from. 
the first- and third-position in the trigrams, with the interaction pro 
duced by a strong tendency to recall more correct responses to the set 
of letters used as stimuli in the component list. When adjusted for 
number of recall trials, the recall to letters from the third position for 
condition A,-B and to letters from the first position for condition AB 
were very similar to the recall for condition A-B in Experiment ] (see 
Table 2). 3 
The mean numbers of correct recalls in Table 6 show that the signifi- 
cant interaction of component list and position of the recall letters 
was produced primarily by the subjects’ better recall to the letters 
in the component list. To see if the distributions of correct T° 
responses to the sets of letters otherwise differed in the two conditions. 
another ANOVA was computed with the means in Table 6 rearran e 
so that in each component-list condition the mean recall was ord p 
the same; that is, the data for cue positions 1 and 3, 2 and 1, and 3 
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2 for conditions A,-B and AxB were placed in the same columns. Of 
course the effect of columns increased, but the interaction remained 
significant [F( 2.136) = 13.30]. This means that learning component 
lists with letters from the first versus third positions had different 
effects on learning to the letters in the trigrams—effects apart from 
the strong tendency to select the set of letters used in the component 
list. Subjects who learned the A,-B component list learned about the 


position than to letters in the second position. 
it would seem that any learning to the trigram letters that were 


subjects would give the correct response both to the letter from the 
component list and to letters to which the response was leamed during 
the four or eight trials of the second list. However, the recall (Table 
8) to the set of letters used in the component lists was appreciably 
below the maximum of 18 (for condition A,-B the highest was 16.56; 
for condition A,-B, 13.83), and the amount of recall to different letters 
from the same trigram cannot be determined from the means. 

However, efficiency scores were computed for each subject as in 
Experiment II. The mean scores were 72, 68, 72, and 70 for conditions 
A.-B with four trials, A,-B with eight, A-B with four, and A-B with 
eight trials respectively. Although the eight trials of compound-list 
learning produced slightly lower efficiency scores than four trials, the 
difference did not approach significance [F(1, 68) « 1]. This means 
that any additional learning during the eight trials of compound-list 
leaming did not differentially affect the correct recall responses to 
the three letters from a trigram. Thus, there was again no evidence 
that the selector mechanism relaxed during A-B learning. 


DISCUSSION 


The use of a set of components as stimuli in the free-learning task 
had no detectable effect either on bc to = — = 
9r on response recall. Thus, experiment amiliarity, or prior exp 
to components, did not change cue selection. However, it should be 
noted that subjects have a strong tendency to select the first letter ES 
consonant trigrams as the functional stimulus and that the stimuli 
in this study made such a position rule of selection readily available. 
If there had been no simple rule available for component selection (if 
the stimuli had been consonant trigrams in which the order of the 
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three letters changed on each trial, for example), prior familiarization 
with one set of components might well have become the basis for selec- 
tion during learning to the compounds. 

The results of the studies just reported are consistent with the as- 
sumption that subjects do not change functional stimuli because of the 
negative transfer produced by learning different responses to the same 
nominal stimuli. In Experiment I there were no differences in recall 
to the letters as a function of prior learning of a different response to 
one component of a compound. In Experiment II the amount of retro- 
active inhibition was greatest in the condition where both original- and 
interpolated-learning stimuli were trigrams—in the condition which 
permitted. subjects to change functional stimuli from first- to second- 
list learning and thus minimize retroactive inhibition. Although there 
is evidence that instructions and prior experience can change the func- 
tional stimuli selected for second-list learning ( Houston, 1967; Richard- 
son and Chisholm, 1969; Schneider and Houston, 1968; 1969), there is 
no evidence that selection shifts simply because of negative transfer 
(Goggin and Martin, 1970; Houston, 1967; Martin, 1968; Martin and 
Carey, 1971; Weaver, 1969; Wichawut and Martin, 1970; Williams and 
Underwood, 1970). 

Learning a response to a component produced large amounts of 
positive transfer to learning the same response to a compound con- 
taining the component. In Experiment I this positive transfer situation 
produced less learning to a nonselected component of the compound 
than that found in a control group. In Experiment III there was no 
indication that four additional trials of compound learning produced 
more additional learning to nonselected than to selected. components. 
The components selected from the compound tended to be those use 
in first-list learning, and overlearning did not produce any relaxatior 
of the selector mechanism. This is not consistent with the results ol 
James and Greeno (1967) and Wichawut and Martin (1970). The 
problem is one of specifying which conditions do, and which do not 
produce learning to nonselected components during overlearning. 


Notes 


This research was supported by National Science Foundation Grants GB58T 
and GB17614. Alan Barnett, Elizabeth A. Jones, Kathryn A. Kent, Josep 
Piatt and Leonard R. Hersh assisted in the collection of the data. 
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BACKWARD MASKING: STIMULUS ENERGY 
AND POSITIONAL UNCERTAINTY 


Terry J. Spencer 
Kent State University 


Backward masking functions were obtained for recognition of single letters 
off or on foveal center or of one of 12 letters in à circular display; stimulus 
energy was high (no-mask performance above 95% for the single letters) 
or low, Stimulus energy, but not foveal location, affected masking ranges for 
the single letters, yet the same 4:1 energy ratio did not produce differential 
masking ranges or no-mask performance for the 12-letter displays. 


In a discussion of tachistoscopic methodology, Eriksen and Spencer 
(1969) pointed out that it is often desirable to present visual displays 
arranged so that all items fall on approximately equally sensitive foveal 
areas. Displays arranged in a circular manner and centered on the point 
of fixation tend to satisfy this requirement. 

But are results obtained this way generalizable to visual tasks that 
make more extensive use of the center of the fovea for processing 
information? Although the sensitivity of the visual system to a letter 
briefly presented off the foveal center can, by manipulating the inten- 
sity or duration of stimulus energy, be equated to that to a letter briefly 
presented in the center of the fovea, conclusions about certain aspects 
of the encoding process may not be equally applicable to both locations. 

For example, Neisser (1967) suggests that a visual process, such 
as letter recognition, may involve a sequence of hierarchical stages. 
At an early stage, preattentive analyzers must first locate and then 
direct focal attention to a target element for identification. A letter 
that is presented off the foveal center with positional uncertainty might 
then require more processing time if locating and directing focal 
attention to it takes significantly more time than for a letter that is 
presented on the foveal center with no positional uncertainty. One 
Way to measure this difference would be to compare backward-mask- 
ing functions by use of a pattern mask designed to control processing 
time from iconic storage (Spencer 1969; Spencer and Shuntich, 197 0). 
With this procedure, the masking range for a single *off-center letter 
should be greater than that for an *on-center one (equated for sensi- 
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tivity) if it does indeed take longer to process the off-center letter. 

Equally important is the effect of varying the energy of the test 
stimulus on the backward-masking range for both single-letter and 
circular, 12-letter displays. Previous research (Spencer, 1971) sug. 
gests that varying the stimulus energy has little if any effect on masking 
range when the no-mask, control, performance is 90% or less. However, 
a stimulus energy sufficient for a no-mask performance of 9576 or more 
may yield a shorter masking range. Uttal (19692, 1970) has obtained 
backward-masking ranges for a single-letter stimulus of only 30 to 40 
msec as compared to 100 msec or more by others (see, for example 
Spencer, 1969, or Spencer and Shuntich, 1970). This may have been 
a result of his using very high (95% ) levels of no-mask performance. 

Experiment I obtained backward-masking functions for a single- 
letter display either off or on foveal center and for a 12-letter circular 
display, each display being presented at two levels of input energy. 
The purpose was to compare these masking ranges for evidence about 
the effects of both foveal location and stimulus energy on information 
processing from iconic storage. 


EXPERIMENT I 


Method. 


—Subjects—Four students (two female) with normal or corrected-to-normal 
vision were recruited from the graduate and undergraduate population at 
Kent State University and paid for their services. All were given extensive 
practice in all experimental conditions before the experiment began. 


—Apparatus and stimuli—Stimuli were presented in a three-field Scientific 
Prototype GB tachistoscope. For the 12-letter condition and for the single- 
letter condition in which the letter was presented off the foveal center, the test 
stimulus was presented in field 1, the indicator in field 2, and the patter 
mask in field 3, all fields being frontlighted. For the single-letter condition 
in which the letter was presented on the foveal center, no indicator was present, 
and a foveal mask was presented in field 2. A small and very dim ack- 
lighted fixation cross subtending a visual angle of .2 deg was continuously 
present in the center of field 3 for all conditions. 

The stimuli were the letters A, O, V, T (black Paratipe 11316), each 
represented three times on each of 12 white cards for the condition with the 
12-letter displays. The 12 letters were arranged in a circular pattern corres- 
ponding to the positions of a clock and were viewed at a distance of 50 in. 
The diameter of the circle subtended a visual angle of 2.0 deg and the letters 
a visual angle of .2 deg. The letters were assigned at random to each care, 
with the restrictions that the same letter never be adjacent to itself and t 
each occupy all 12 clock positions equally often over the 19 cards. 
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For the condition with single off-center letters, there were 48 single-letter 
stimulus cards representing all possible combinations of clock positions and 
letter types, each positioned on an imaginary circle of the same diameter 
as the 12-letter display. This set was randomly split into two smaller sets of 
24 cards, with the restriction that each letter and each position be equally 
represented. There were also 12. indicator cards, one for each clock position 
of the test stimulus, simultaneously presented with the 12-letter displays as 
well as with these displays of single off-center letters. Each indicator was 
bar-shaped (.12 by .88 deg), white against a flat black background, with 
the close edge located .47 deg from the outside edge of the test letters. 

For the condition with single on-center letters, each of the four letters was 
placed in the center of a separate card, This was repeated six times, to give 
a set of 24 cards. 

A pattern mask was constructed by placing four Paratipe Ws back to 
back and partially overlapping to form a pattern similar to three large 
adjacent Xs. This pattern was duplicated for each of the clock positions of 
the test stimulus, all on one card, and was used for masking the 12-letter 
and the single-letter/off-center presentations. The same pattern was posi- 
tioned in the center of another card for masking the single-letter/on-center 
presentations, A flat black card with a circular hole (diameter subtending 
2.8 deg) was placed in front of the test-stimulus card, and another in front 
of the pattern mask. This allowed the circular test field and the pattern mask 
to be viewed, while providing a dark background for the outside indicator in 
field 2; the indicator was clearly visible in all exposure conditions. The 
luminances were set at 25, 20, and 25 mL, for fields 1, 2, and 3 respectively, 
for the entire experiment. 


—Procedure—Backward masking functions were obtained with stimulus 
onset asynchronies (mask delays) of 0, 25, 50, 75, 100, 125, and 150 msec 
for single-letter presentations, and 0, 100, 150, 200, 950, and 300 msec for 
12-letter presentations. All functions were obtained under two levels of 
stimulus energy. The low-energy condition was defined by placing a 6 
neutral density filter (25% transmission) in front of field 1 and varying the 
stimulus duration for each subject to obtain an approximately 8526-9096 
performance level for stimulus identification (uncorrected for chance guess- 
ing) in the single-letter/on-center, single-letter/off-center, and 12-letter 
presentations. These durations were determined without a mask (but with a 


simultaneous indicator in the latter two conditions) and averaged about 1.0 
msec for the condition with single on-center letters, 1.8 msec for that with 
Single off-center letters, and 3.0 msec for the 12-letter condition. The high- 
energy condition was defined by simply removing the .6 filter. X 
Six masking functions were obtained—for single on-center letters, single 
off-center letters, and 12-letter displays, each at high and low energy lus 
six appropriate no-mask (control) conditions. The duration of the mas ng 
field was set at 12 msec throughout the experiment, providing @ mask far 
brighter than any of the stimuli. The duration of the indicator field was held 
constant at 3 msec throughout the experiment. j 
Data were collected "n 36 bur. There were 12 seven-block (12 trials 
per block) sessions with the 12-letter display, 6 of those sessions at high 
energy and 6 at low. Each session contained one block of each of the six 
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mask delays and one no-mask control, the order of mask delays and P 
being ially counterbalanced across sessions and subjects. In 


warm-up trials without the mask. Before each block he was given 2 ie 
cub erie ncaa arg eo lL pee The order of tz 
within a b was randomized by shuflling the stimulus cards, bd 

subject was told his number of correct responses at the end of each ble 1 


All trials were self-initiated by the subject after the experimenter 
ready signal and the subject had the fixation cross in good focus. AMi 


ulus energy, mask delay, and subjects) indicated significant 
effects for mask delay [F(7,21) = 298.20, p < .01] and stimu 
energy [F(1,3) = 19461, p < .01]. In addition, significant nt 
actions were obtained for stimulus energy and mask delay [F(7,21) — 
= 8.86, p < .01], for stimulus energy and foveal location (F(1,3) 
= 28.09, p < .05], and for stimulus energy, foveal location, and mask 
delay [F(7, 21) = 421, p <.05]. Dunnett's test for comparin 
= with uw (Winer, 1962) indicated that both sgle leter 
unctions at high energy were not significantly different j 
no-mask controls when mask delay Er wd or more but that the 
two single-letter functions at low energy did not asymptote to their 
controls until mask delay was 100 msec. The effect of increasing stim- - 
ulus energy for the single-letter conditions was thus both to improve 
overall average performance and to reduce the masking range by : 
about 25 msec. Rie 
The lack of a significant main effect for foveal location suggests t 
the equating of no-mask (control) performances for off- 
center letters was maintained under conditions of masking. Hi 
the significant interaction of foveal location and stimulus energy 
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Fig. 1. Percentage of correct identification as a function of stimulus onset 
asynchrony (mask delay) between test stimulus and mask for the 
four single-letter functions and the two 12-letter um nonu I 
(the two 12-letter functions are not extended to the 0-sec delay to 
minimize clutter) 


dicated that on the average the two (high and low energy) presenta- 
tions of single on-center letters were more disparate than the two 
presentations of single off-center letters. The significant triple inter- 
action indicates this disparity did not obtain for all mask delays. 

Tests of the simple interactions of foveal location and stimulus 
energy were significant (p < .05) at mask delays of 50, 75, and 125 
msec (at 100 msec it was significant at p < 40). Examination of 
Figure 1 indicates that these simple interactions, except at 50 msec, 
were due to the subjects’ being able, at intermediate mask delays, to 
identify low-energy letters better when they were presented off than 
on foveal center—a difference that was not evident for the no-mask 
controls, the condition in which performances for the off- and on- 
center letters were equated. This was especially i because 
the expectation would be for the on-center condition to ‘outperform 
the off-center condition if there were any difference, as suggested by 
the single-letter functions at high energy. i II further 
investigated this finding. 

A three-way analysis of variance (stimulus energy, mask delay, and 
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subjects) for the two 12-letter functions indicated that only the main 
effect of mask delay was significant [F(6,18) = 149.94, p < .01]. 
Dunnetts test indicated that both 12-letter functions asymptoted to 
their no-mask controls at 2 mask delay of 200 msec. The lack of sig- 
nificant differenggp for either masking range or overall performance 
contrasts with the single-letter results, where an equal (4:1) energy 
ratio differentially affected both these measures. The 12-letter functions 
had a greater masking range than the single-letter functions, as would 
be expected from previous work (Spencer, 1969, Spencer and Shun- 
tich, 1970), although the 12-letter functions were somewhat shorter 
in the present study. 


EXPERIMENT II 


This experiment was designed to explore in more detail the masking 
functions for single-letter presentations at low energy. In Experiment 
I the single on-center letter was superimposed on a very dim back- 
lighted fixation cross. It was thought that equating off- and on-center 
performance in the no-mask conditions would control for any possible 
degradation of the fixation cross. However, it is possible that degrada- 
tion produced by the fixation cross interacted with stimulus onset 
asynchrony, or mask delay, perhaps by slowing the rate of contour 
formation. 

Experiment II thus compared the masking range for a single letter 
presented just slightly above foveal center with that of one presented 
off center, to get evidence on the effect of positional uncertainty 
independent of any degradation by the fixation cross. This degrada- 
tion was, in turn, assessed by comparing both the masking ranges an 
the stimulus duration for above- and on-center presentations. No 
indicators were used in Experiment IL, in contrast to Experiment L 
where an indicator was present for off- but not for on-center presen- 
tations. Finally, Experiment II used smaller increments (between 30 
and 100 msec) of mask delay in order to increase the sensitivity for 
any potential differences in masking ranges for the three conditions. 


Method 


— Subjects—Four subjects (two female) with normal or corrected-to-normal 
vision were recruited from the Kent State University student population anc 
paid for their services. Although three of them had served in previous experi- 
ments of a similar nature, none had served in Experiment I. 
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—Apparatus and stimuli—The apparatus was the same as in Experiment I. 
The test letters were presented in field 1 and the pattern mask in field 2, 
both fields being frontlighted. The fixation cross was continuously present 
in field 3. The stimuli in the on- and off-center conditions were the same as 
in Experiment I. For the ‘above-center’ conditlon, a set 24 stimulus cards 
was constructed by duplicating the on-center set but rai: % the letter slightly 
so that it appeared above the fixation cross. A pattern mask was also con- 
structed for the above-center presentations. The luminances were the same 
as in Experiment I, but field 1 was viewed through a 1.0 density filter. 
— Procedure—Backward masking functions were obtained with stimulus 
onset asynchronies (mask delays) of 50, 60, 70, 80, 90, 100, 125, and 150 
msec, and a no-mask control, for the above-center, off-center, and on-center 
conditions. Before the experimental sessions the exposure duration for an 
approximately 8595-9076 recognition accuracy (uncorrected for chance 
guessing) was established for each subject and display condition. These 
durations averaged 1.2 msec for the above-center, 1.4 msec for the off-center, 
and 1.8 msec for the on-center conditions. The duration of the masking field 
was set at 4 msec throughout the experiment. 

Data were collected over 16 sessions. Within each session there were six 
24 trial blocks, each of the three conditions being tested at two mask bry 
(the no-mask control was considered a mask delay), the three blocks of the 
same delay being run consecutively. The assignment of mask delays to 
sessions, subjects, and order within sessions, was counterbalanced to the 
extent possible. There was a total, over subjects, of 288 trials for each com- 
bination of mask delay and condition, Except that there was an average of 
only seven practice sessions, the procedures for warm-up, feedback, trial 
randomization, dark adapting, and response recording were the same as in 
Experiment I. 


Results 


The masking functions for the three (above-, off-, on-center) con- 
ditions are plotted in Figure 9, A three-way analysis of variance 
(foveal location, mask delay, and subjects) indicated that only the 
main effect of mask delay was significant [F(7, 21) = 79.92, p < 91]. 
Dunnett's test indicated that all three functions asymptoted to their 
no-mask controls at a mask delay of 100 msec. It is evident that 
equating the control performances yesulted in statistically equivalent 
masking functions for the three experimental presentations. 

A comparison of the average stimulus durations indicated that the 
above-center condition at 1.2 msec required slightly less energy than 
the off-center condition at 1.4 msec, with the on-center condition at 
1.8 msec requiring the most energy. Tt is evident that the fixation cross 
did degrade stimulus input. However, the on-center masking function 
did not significantly differ from or interact with either the above- or 
off-center functions, although the small dip at a mask delay of 80 
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msec was in the expected direction. The results are in agreement with 
Experiment I in that the off-center function did not require a greater 
mask delay than either the above- or on-center conditions, again 
showing no differential masking range as à function of positional 
uncertainty. 
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Fig. 2. ee of correct identification as a function of stimulus onset 
asynchrony (mask delay) between test stimulus and pattern mask for the 
three single-letter functions of Experiment II 


DISCUSSION 


The expectation that a single letter presented off the foveal center 
would require a greater mask delay than one presented in the center 
of the fovea was not confirmed in either Experiment I or IL The 
subjects were able to locate and process an off-center letter with 
positional uncertainty on the circumference of an imaginary 2-deg 
circle in the same ‘time’ as an on- or above-center letter without 
positional uncertainty. (Time in this context refers to masking range.) 
Yet they were not able to locate and process a critical letter as rapidly 
in the 12-letter condition. 

It is evident that the difference in masking ranges for the single- 
and 12-letter conditions was not simply a function of positional un- 
certainty, which was equivalent in the 12-letter and the single-letter/ 


BACKWARD MASKING 543 


off-center conditions. Rather, the difference would seem to be in the 
speed or ease of reducing the positional uncertainty in each case. 
That is, location of the target element in the 12-letter condition re- 
quired the processing of an indicator. The evidence (Eriksen and 
Collins, 1969) that it takes approximately 100 to 200 msec to encode 
an indicator and direct attention to a critical element in a multielement 
display would thus account nicely for the differences in masking ranges 
for single letters and 12-letter displays—and Experiment 11 confirmed 
that subjects did not require an indicator in conditions with a single 
off-center letter. 

However, the more difficult problem is to account for the lack of a 
difference in masking ranges for single on- and off-center letters. It 
was not due to degrading by the fixation cross, since the masking 
functions for the above- and off-center as well as on-center presenta- 
tions in Experiment II were essentially identical. Yet it seems unlikely 
that positional uncertainty has no effect on processing, or that atten- 
tion can be instantaneously directed to a letter that is off the foveal 
center. It seems more likely that the present masking procedure was 
not sensitive to the directing of focal attention in the conditions with 
a single off-center letter. 

If it can be assumed that contour formation, and the representation 
of the icon at the higher centers, requires a significant time (say, 50 
to 75 msec, depending on various factors), focal attention may be 
directed toward a single off-center letter before development of the 
icon is complete. That is, locating a single letter may require only a 
preliminary stage of contour formation, with attention being à 
during the remainder of the icon development. The masking range in 
this study was a measure of the time to pen identity of a t 
not simply to locate the position of a letter. Thus, attention may have 
been fully directed to the single letters in both the on-center and off- 


a differential masking range for the presence or absence, as 
to the identification, of a single letter in the on- versus off-center 
positions. 

The finding of no differences in masking range for off-center versus 
on- and above-center letters suggests that, with respect to encoding 
from iconic storage, results obtained with a single letter that is pre- 
sented on the circumference of an imaginary 2-deg-diameter circle 
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presentations are equated for sensitivity. However, this may be true 
only for tasks requiring full identification of a target stimulus if, as 
argued above, the present experiment was insensitive to temporal 
requirements for directing focal attention to an off-center location. 

The results for the single-letter conditions in Experiment I indicate 
that the masking range was dependent on the level of no-mask (con- 
trol) performance, Increasing performance to over 9596 significantly 
reduced the ‘apparent’ masking range. The term apparent is used 
because the mask may have been partially reducing the information 
processed from the high-energy displays at a mask delay of 75 msec, 
as it did for the low-energy displays. However, this information loss 
may not have been evident in performance due to the nonlinearity of 
recognition measures and psychological processes at performance 
levels near 10096 (Eriksen and Collins, 1969; Eriksen and Spencer, 
1969). At these levels, relatively large increases or decreases in stim- 
ulus quality may result in only small changes in performance. Thus, 
even with a reduction in stimulus quality at a mask delay of 75 msec 
for the high-energy condition, enough information may have been 
processed for a high recognition score. With greater mask delays, 
more information may have been processed but not reflected in per- 
formance, which had already asymptoted at or near the 10096 level 
at a mask delay of 75 msec. 

On the other hand, there is also the possibility that the high-energy 
functions for the single letters asymptoted sooner as a result of faster 
transmission time to the higher centers. Kahneman (1968, p. 406) 
cites evidence suggesting that "conduction speed is usually a function 
of stimulus intensity." A faster conduction speed would be equivalent 
to increasing mask delay by a comparable amount. Whether this factor 
was solely or even partially responsible for the different asymptotes 
could not be determined in the present study. However, Spencer 
(1971) has found that with even greater variations in stimulus energy 
than in the present study, but with all conditions maintained at per- 
formance levels of less than 90% (by varying task difficulty), there 
were no differential asymptotes of single-letter masking functions. 
Similarly, Spencer and Shuntich (1970) found equivalent masking at 
delays of 150 msec or more by pattern masks of very different energies 
which argues against differential transmission times for each mask. 

It is, of course, possible that both factors—insensitive high per- 
formance levels and faster transmission times—combined to produce 
the differential asymptotes in the present study. It is interesting in this 
context to examine Uttal’s (1969b, 1970) failure to obtain an algebraic 
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combination of forward and backward masking, His separately ob- 
tained estimates of the maximum forward- and backward-masking 
ranges may have been ‘underestimated’ as a result of using displays 
on which the no-mask controls were at or near 100% performance 
levels. Thus, masking may have been present at delays of +50 msec, 
for example, but gone undetected in performance. However, the com- 
bined effects of forward and backward masking at the same delays 
(that is, a 100-msec ‘hole’) may have been sufficient to reduce per- 
formance to a measurable region. It must be recognized that many 
other factors could also be responsible for Uttal's results, not the least 
of which is his very different type of display. Nevertheless, it is im- 
portant that experimenters be cognizant of this possibility when 
obtaining estimates of masking ranges. 

The results for the two 12-letter functions indicate that varying the 
test-stimulus energy in an approximately 4:1 ratio did not produce 
significant differences either in no-mask, control, performance or in 
the masking ranges. Sperling (1960) also reported that stimulus 
duration did not have a potent effect on partial report from multi- 
element displays, as did Scharf and Lefton (1970) and Eriksen and 
Rohrbaugh (1970). Keele and Chase (1967) found only small dif- 


for their two lower-energy presentations, which also differed by an 
approximately 4:1 ratio. Only with a much larger increase in stimulus 
energy, 16:1, did they find a large difference in target identification 
from a multielement display. : 

Unexplained is why performance in the single-letter conditions was 
sensitive to this energy variation but performance in the 12-letter 
condition was not. It may have been the result of the subjects’ having 
had to locate the indicator before they could direct their focal atten- 
tion toward the critical letter in the 12-letter condition. If locating such 
an indicator takes approximately 100-200 msec (Eriksen and Collins, 
1969), and if a subject so depends on having an indicator that delaying 
it 100 msec requires an additional 100-msec delay of a pattern mask 
(Spencer, 1969), then it seems likely that a subject would not begin 
processing the critical letter as quickly in a 12letter as in a single- 
letter condition, This processing delay for a 12-letter display would 
P accompanied by a fading of the iconic storage in both high- and 
low-ener; resentations. ^ 

If we pf then assume that the rate of iconic decay is directly 
proportional to the original icon’s energy, the high-energy stimulus 
would fade to a level of strength very near that of the low-energy 
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icon by the time a subject directed his focal attention to the critical 
letter. Admittedly there is little evidence on this assumption of iconic- 
decay rate, but it appears to be consistent with the existing and rele- 
vant data. Additional research is required. 

Finally, a tentative generalization that seems to fit much of the 
outcome of the present study is that if two or more single-letter (or 
12-letter) conditions are comparable in their levels of no-mask, control, 
performance, regardless of their actual energy ratios, equivalent back- 
ward-masking ranges will be obtained. Whether this generalization 
will survive further testing remains to be seen. 


Notes 


The author wishes to thank Richard Shuntich, Lawrence Hawkes, and Greg- 
ory Mattson for their able assistance in the collection and analysis of the data. 
Requests for reprints should be sent to Terry J. Spencer, Department of 
Psychology, Kent State University, Kent, Ohio 44242. Revision received for 
publication August 31, 1971. 
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log stimulus robability). Both relationships were 

ing, as predicted, but neither was linear. Rather, response speed Lr pe 

T p decreased linearly with overt response competition with 
lus unexpectedness. A more more form of Marbe's 

law is proposed, and a neurophysiologically oriented model of word-amo- 

tion behavior is sketched. 


Jt has been amply demonstrated that word-association response 
tency depends on response-word frequency. Thumb and Marbe 
! were the first to report à ety ete dm aus 
(1908), Cason and Cason (1925), and Schlosberg and - 
This relationship is sometimes referred to as 


Bake: zli shorter latencies for the same stim- 
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sed. This suggests that latency increases with response competi- 
Moreover, it seems intuitively plausible that a high-probability 
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one with a single response that occurs wh E d. 

suggests that conditional response uncertainty nem bability tha 
Sociation response competition. If P(Ri|S;) Bi m E the 
Tesponse i will be given when o - m bility. bodie con- 
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ditional response uncertainty associated with stimulus j is 
fi 
H(R|S;) = — K X P(RS;) log; P(R.|S;). u 
i=l 


With K set equal to the mean strength of competing responses, Equa- 
tion 1 becomes the measure of conflict proposed by Berlyne (1957; 
1960, pp. 34-37). In subsequent discussion, we make the simplifying 
assumption that K = 1. 

That such a measure may indeed be related to word-association 
response latency is shown by Laffal’s (1955) report of a linear cor 
relation of .77 between an estimate of H(R[S;) and the frequency of 
latencies above 2.5 sec. Laffal also noted a correlation of .78 between 
the number of distinct responses (an estimate of r;) and the fre- 
quency of long latencies. We calculated similar correlations (.70, 61, 
and .63) between 7, and mean latency for three sets of word-associa- 
tion data published by Crane (1915). Thus, it appears that H(R|S/) 
and r; each covary with response latency—and both relationships are 
consistent with the suggestion that word-association response latency 
increases with increasing response competition. Accordingly, Hypoth- 
esis I of the present study was that word-association response 
" iy T increasing function of response competition measured by 

(R|S;). 

Although there have been several demonstrations of covariation 
between response frequency and latency, we found only one report 
of a relationship between stimulus-word probability and word-associa- 
tion response latency. Hall and Ungelow (1957) found longer word- 
association response latencies to stimulus words of lower frequency in 
the Thorndike-Lorge (1944) counts than to those of higher frequency. 
This suggests that response latency increases with the uni 
of the stimulus word. As a measure of unexpectedness, we used the 
negative log of stimulus-word probability, which Attneave (1959, p- 6) 
calls surprisal. Thus, our Hypothesis II was that response latency is 
a linear, increasing function of stimulus-word surprisal. 


METHOD 


—Subjects—The English-speaking subjects were 26 employees of the Uni- 
versity of Colorado Medical Center; 32 psychiatric patients newly admit 

to the Colorado Psychiatric Hospital and with a subsequent discharge diag- 
nosis other than psychosis; and 14 psychotic patients newly admi to 
same hospital, 10 of them with a discharge diagnosis of schizophrenia 


— —ÀÀ 
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4 with one of psychotic depression. None of the patients acknowledged 
taking drugs in the last few weeks before their talization or received 
any drugs from the time of admission to the time of their participation in 
the experiment. 

The Norwegian-speaking subjects were 35 young men inducted into the 
Norwegian navy six to eight weeks before testing, and another 35 
men recruited for the navy and subsequently rejected due to a 
board's decision that they suffered from neurosis or 
Age, education, and sex-distribution statistics for all the are shown 
in Table 1. 


Table 1. Characteristics of the subject samples 


English i- speaking subjects 


Employees (N = 26) 292 93 139 20 47 
Nonpsychotics (N = 32) 32.8 8.9 11.2 21 31 
Psychotics (N 7 14) 329 92 16 40 64 
Schizophrenics (N = 10) 982 74 123 35 89 
Depresseds (N = 4) 495 42 100 55 95 
Norwegian-speaking subjects 
Normal iau. IN = 35) 2912 14 87 11 100 
Rejected recruits (N = 35) 917 14 88 10 100 
—Stimuli—For the English- subjects, 50 stimulus words were 
Chosen from those in Femme and Jenkins (1964). ian i 


the Norwegian-speaking subjects were translations of 31 
Kent and Hosandif. (1910) list. (There were also 4 Mc selected words 
that do not concern us in the study now Ex .) The — 
words appear in Table 2, which also gives the uency of occurrence 
each English word in the Lorge magazine count (Thorndike and Lorge, 
1944) and the primary English equivalent of each Norwegian word. 
—Procedure— The subjects were studied individually. Instructions m 
stimulus words were presented to the English-speaking subjects by means 
a tape recorder, Each subject was instructed to respond with the first se 
word that occurred to him after presentation of the stimulus word and was 
asked not to give other grammatical forms of the stimulus word, nor to M 
peat it. Three practice words (blotter, ink, ashtray) were then presented 
If the subject delayed more than a few seconds, the experimenter cm 
Ia tape recorder and encouraged him by saying, "Say the word 

or example] makes you thi A ; ] 
. The Eds ue by the experimenter to the Norwegian- speaking " 
jects were similar, but grammatical variants of the stimulus were no 
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asked to reproduce his responses in a second presentation of the stimulus 
words. Response latencies were measured with a stopwatch for all of the 
subjects. 

One psychotic patient was dropped from the first data analysis since she 
failed to respond to 11 words. Three hospitalized nonpsychotic patients and 
one employee were all unfamiliar with the same stimulus word (mutton), 
but their 49 other responses were included. 


RESULTS 


Hypothesis I 


Using Palermo and Jenkins’ (1964) sex-appropriate word-association 
response frequencies for twelfth graders, H(R|S;) was estimated for 
each English stimulus word." The same procedure was followed for 
the Norwegian words using Haaseth’s (1968) word-association re- 
sponse frequencies. 

Plots of the bivariate distribution over stimulus words of mean 
latency and a (RIS j) revealed that for all eight groups of subjects the 
relationship was described quite well by a linear function for H(R|S;) 
« 45 bits. Above this point, however, there was strong evidence of 
nonlinearity. Because of this, we were Wary of further analysis of 
averaged data, and intraindividual analyses were undertaken. 

Since, as Equation 1 shows, H(R[S;) is the expected value of con- 
ditional response surprisal, — logs P(Ri|S;), the relationship between 
latency and —log, P(Ri|S;) is the intraindividual analog of the 
relationship between mean latency and H(R|S;) reported above. A 
plot of the bivariate distribution of estimates of conditional response 
Surprisal and latency was examined for each subject." These provided 
consistent and unequivocal graphical evidence of nonlinearity. How- 
ever, the relationship between response speed (reciprocal jatency) and 
conditional response surprisal was approximately linear for most sub- 
jects.’ 

For 141 of the 142 subjects, the linear correlation between speed 
and conditional response surprisal was negative. The mean correlation 
varied from —.31 to —.49 in the eight samples of subjects, male and 
female (see Table 3), and from — 46 to — 49 in the three psychiat- 
tically normal samples. Assuming that P(Ri[S;) is the same for all 
ies the expected speed of response i to stimulus word j for subject 

1s 

wise = Ax [— loge P(Ri|S;)] + Br, [2] 
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RESPONSE SPEED 


MEAN 


2 


CONDITIONAL RESPONSE UNCERTAINTY 


Fig. l. Plots of the relationship between mean response speed and condi- 
tional response uncertainty for (A) male employees, ( B) female employees, 
(C) male nonpsychotics, (D) female nonpsychotics, (E) male psychotics, 
(F) female psychotics, (G) accepted recruits, and (H) rejected recruits 
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where A; < 0 and B, > 0 are personal constants. This, then, is a more 
precise form of Marbe's law applied to a single subject. 
It follows from Equation 2 that the expected speed over all responses 
to stimulus j is 
Hir = ApH(R|S;) + By, 


and the expected speed of response to stimulus j for a sample of sub- 
jects is 


us. = AH(R|S;) + B, 


where A is the mean of the A; and B is the mean of the By. Thus, the 
intraindividual form of Marbe's law implies that mean speed for a 
sample of subjects is a linear function of conditional response uncer- 
tainty, H (R[S;). Plots of this relationship for each group of subjects by 
sex appear in Figure 1. The relationship appears to have been roughly 
linear in each case, and linear correlation coefficients corresponding 
to these plots ranged from —.61 to —.78 for the psychiatrically normal 
samples, from —.48 to —.49 for the two psychotic samples (see 
Table 4). 

The evidence seems clear: Hypothesis I is false. It is the speed of 
a single word-association response that is a linear (decreasing) func- 
tion of conditional response surprisal. Allowing the assumption that 
H(R|S;) does not vary from one individual to the next, it follows that 
mean speed of response to a single stimulus word is a linear function 
of conditional response uncertainty. 


Hypothesis II 


Using the negative log of stimulus-word frequency in the Lorge 
magazine counts (Thorndike and Lorge, 1944) as an estimate of 
stimulus-word surprisal, the intraindividual correlation between this 
variable and response speed was obtained for each English-speaking 
subject. For 61 of the 72 subjects, this correlation was negative (bi- 
nomial test, p < .05), and the mean correlation ranged from —.12 
for 5 female psychotics to — 22 for the 14 female employees (see 
Table 3). 

Here, it has been assumed that the probability of each stimulus word 
is the same for each subject. Given this assumption, the intraindividual 
correlations imply a negative linear correlation between the mean 
(over subjects) of response speed and stimulus-word surprisal. These 


^ 


MARBE'S LAW 559 


correlations, which appear in the top part of Table 4, varied from 
—35 to —.4l. The corresponding, correlations between mean latency 
and stimulus surprisal varied from +.15 to +.35 for the six samples 
of English-speaking subjects, and since every one of these was ex- 
ceeded by the absolute value of the corresponding speed/surprisal 
correlation, it appears that the relationship of mean speed and stimulus 
surprisal showed less departure from linearity than did the relationship 
between mean latency and stimulus surprisal. 

These results suggest that Hypothesis IL is untenable. It is more 
plausible that word-association response speed decreases linearly with 
increasing, stimulus surprisal. 

Since the regressions of response speed on H (R|S) and on stimulus 
surprisal both appeared to be linear, the linear multiple regression of 
speed on these variables was examined. The results are summarize 
in Table 5. Multiple correlation coefficients were .69 and .74 for the 
two employee samples and .58 for both psychotic samples. The means 
of the analogous intraindividual multiple correlations are .50 and .53 
for the normals, .35 and .46 for the psychotic samples. Thus, the 
expected speed with which response i is given by person k to stimulus 
j can be expressed as 


pigs = Cr [loge P(RiS;)] + D, [— log: P(S;)] + E, [4] 
where E, > 0, C, « 0, and D, < 0 are personal constants. It follows 
from this that the mean speed of the responses of a sample of subjects 
to stimulus j is 

p. = CH(RIS)) + D [— log. P(Si)1 + E; 


where C, D, and E are the means of the Cr, Di, and E; respectively. 
The constant E; is the expected speed component corresponding to 


the sum of peripheral integration, neural transmission to and from the 
central nervous system, and movement time for a given subject. The 
first term in Equation 4 corresponds to the delay associated with 
response selection; the second term corresponds to the time consumed 
by the effects of unexpectedness on stimulus identification. From 
these interpretations, it can be seen that Equations 4 and 5 imply that 
the delays contributed by peripheral processes, by response selection, 
and by stimulus identification combine additively in units of speed. 

Since both stimulus surprisal and conditional response surprisal are 
measured in the same units (in bits), and since the slope coefficients 
for these two variables were similar in our data (see Table 5), these 
coefficients may turn out to be identical. Such a possibility is important, 
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Table 4. Across-words correlations of conditional response uncertainty and 
stimulus surprisal (or number of reproductions) with mean speed; also, con- 


ditional response uncertainty with stimulus surprisal (or number of repro- 
ductions) 
Uncertainty 
Surprisal with 
(repro- surprisal 
Uncertainty ductions) (repro- 
with speed with speed ductions) 
English-speaking samples 
Male employees (N — 12) —.69 =/S7 0 
Female employees (N — 14) =g —.38 .09 
Male nonpsychoties (N — 10) —.62 — Al 10 
Female nonpsychotics (N = 22) —.72 — 38 .09 
Male psychotics (N= 9) — 48 uL 10 
Female psychotics (N = 4) —.49 = 28 .09 
Norwegian-speaking samples 
Normal recruits (N — 35) B (.61) (—.52) 
Rejected recruits (N — 35) =T (.53) (—.50) 


Table 5. Summary of the regression of mean response speed on conditional 
response uncertainty and stimulus surprisal; English-speaking samples only 


Unstandardized 
Multiple regression weights 
correlation Intercept Uncertainty Surprisal - 
Male employees 4 1.14 7409. —.06 
Female employees .69 1.25 —.08 — 07 
Male nonpsychotics — .71 1.15 —408 -.07 
Femalenonpsychotics .79 .96 —U0f -.05 
Male psychotics .58 1.06 —407 m 
Female psychotics .58 A9 = 05 -.05 


Note: Sample Ns as in Table 4, 


since it would allow a major simplification of Equations 4 and 5, and 
imply that the effects of stimulus unexpectedness and overt response 
competition are directly additive in bits without prior differential 
weighing. Although the conclusion that one bit of uncertainty has 
the same magnitude of effect regardless of whether it is associated with 
stimulus-unexpectedness or with response-selection effects would be 


surprising, it cannot be ruled out here. 


Stimulus surprisal and conditional response uncertainty 
The intraindividual correlation between conditional response sur- 
prisal and stimulus surprisal was positive for 51 of 72 English-speaking 
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subjects. Although this permits rejection of the zero-correlation hypoth- 
esis (binomial test, p « .05), the means of the intraindividual cor- 
relations ( Table 3) and the correlation between stimulus surprisal and 
conditional response uncertainty (top part of Table 4) were low. This 
lends weak support to Stilson’s (1966) suggestion that unexpected 
stimuli produce more variable activity in the central nervous system 
and, consequently, less predictable response selection. 


Conditional response uncertainty and number of reproductions 


The Norwegian-speaking subjects were asked to reproduce their 
word-association responses. A simple model of this process assumes 
that response selection is simply a random choice according to the 
probabilities P(Ri|S;) and that the first and second response choices 
are independent. Then the probability that some response to stimulus 
S; will be reproduced is simply 


Tj 
X P(R,I|S;)?. 
i=l 
Now, it can be shown that if H(R|S$;) > H(RjS;), then X P(R,|S;)* 
< X P(R;|S.)*. That is, the probability of response reproduction de- 
creases as conditional response uncertainty increases. 

The correlations between the number of subjects who reproduced 
their response to each stimulus word and estimates of conditional 
response uncertainty were —.50 and —.52 for the two Norwegian- 
speaking samples (Table 4), figures comparable to Laffal's (1955) 
finding of a correlation of .59 between conditional response uncertainty 
and number of reproduction failures. Although the model suggested 
above seems exceedingly simple, these correlations are consistent with 
it. Also, as one might expect from the preceding results, mean response 
speed and number of subjects correctly reproducing their responses 
loe positively correlated in the two Norwegian-speaking samples 

able 4). i 

It has - proposed (Stilson, 1966) that a single neurophysiological 
mechanism accounts for both the slowness and the looseness of asso- 
ciation (in the sense of improbable associations) of schizophrenics. 
And if one adopts Cameron's (1947) continuity principle, the assump- 
tion that psychopathology varies continuously from excellent mental 
health to severe psychotic disorganization, then it follows that indi- 
vidual differences in slowness and looseness of association should 
covary. The within-groups correlations between mean response speed 
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and mean conditional response surprisal were —.46 in the English- 
speaking samples and —.36 in the Norwegian-speaking groups (p < 
.05 in both instances, see Table 6).* 


Table 6. Summary of the across-persons correlations of mean speed with 
mean conditional response surprisal, mean speed with number of repro- 
duction failures, and mean response surprisal with number of reproduction 
failures 


Speed with Surprisal with 


Speed with reproduction reproduction 
surprisal failures failures 
English-speaking samples 
Male employees —.22 
Female employees —.46 


Male nonpsychotics ^ —.42 
Female nonpsychotics —.72* 


Male psychotics -.19 
Female psychotics -.25 
Norwegian-speaking samples 
Normal recruits —.34 = 6 .36* 
Rejected recruits —.38* — 48?* 048 


Note: Sample Ns as in Table 4, except as shown at *, where the Ns were 19. 
"p< .05. 


Stilson (1966) has also suggested that a single defect accounts for 
the slowness and looseness of association among schizophrenics and 
explains their inability to reproduce their word-association responses. 
Invoking the continuity principle again leads to the expectation that 
mean speed and number of reproductions are positively correlated. 
The mean within-groups correlation between these variables was .27 
(Table 6), which provides weak support for this expectation. 

According to the response-reproduction model outlined above, an 
improbable response is less likely to be given twice than is a more 
probable one. This leads to the prediction of negative covariation 
between mean conditional response surprisal and number of reproduc- 
tions. The observed across-persons correlation between the means of 


these two variables was —.25 (Table 6). This provides weak support 
for the hypothesis. 


DISCUSSION 


Relationship to previous studies 


Our results are consistent with those of previous studies showing 


MARBE'S LAW 563 


a monotonic decrease in response latency with increasing response 
frequency ( Wreschner, 1907; Menzerath, 1908; Cason and Cason, 1925; 
Schlosberg and Heineman, 1950). They are also compatible with the 
two studies that reported latency to be an increasing function of 
response diversity (Crane, 1915; Laffal, 1955). In only one case, how- 
ever, is a more detailed comparison possible. Since Thumb and Marbe 
(1901) published the individual responses of their subjects, we were 
able to calculate the correlation between mean latency and an estimate 
of conditional response surprisal. This correlation of .90 is smaller in 
absolute value than that of —.96 between mean speed and conditional 
response surprisal for their data. Thus, our results for English and 
Norwegian are similar in their implications to those obtained by 
Thumb and Marbe for German at the turn of the century. Taken as 
a whole, this suggests that the relationship of speed and conditional 
response uncertainty is a robust one. ‘And finally, our finding of a 
linear relationship between response speed and stimulus surprisal is 
consistent with the results of Hall and Ungelow (1957). 


Generalized Marbe's law 


Equations 4 and 5 can be viewed as a more general and more 
precise form of Marbe's law. Whereas the original statement was that 
response latency decreased monotonically with increasing response 
frequency (Thumb and Marbe, 1901), the present formulation in- 
corporates the effect of stimulus unexpectedness as well, and thereby 
increases the generality of Marbe's law. Moreover, the present formula- 
tion suggests that the response-frequency effect may be the result of 
response competition, a possibility that becomes more apparent when 
tesponse-frequency effects are measured by conditional response un- 
certainty. i 

In the form suggested here, Marbe's law becomes more precise than 
it was originally. Rather than the relatively weak statement of à 
Monotonic relationship between latency and frequency, the present 
formulation specifies that certain transformations of these variables 
are linearly related, This, of course, greatly increases the empirical 
vulnerability of the proposition and narrows the variety of plausible 
models of the word-association process. 


Model of the word-association process 


At this point, we sketch a model of what may serve as Hio mechanism 


of word-association behavior. To begin with, let us distinguish two 
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aspects of the probabilistic structure of the task. The first of these, 
stimulus-word surprisal, is thought to reflect stimulus unexpectedness 
and to affect the speed of the recognition process. The second aspect 
concerns conditional response surprisal, its conditional mean H(R\S;), 
or its mean H(R|S), all of which are considered measures of response- 
competion effects that influence the speed of the response-selection 
process. 

One interpretation of stimulus unexpectedness assumes that the less 
probable the stimulus word, the greater the strength of the orienting 
reaction (Berlyne, 1960; Sokolov, 1960). If the orienting reaction's 
primary effect on the central nervous system is indeed to disrupt 
ongoing activity in preparation for processing new information, as 
suggested by Hunt (1963), then the less likely the stimulus, the greater 
the disruption (or the longer the recovery time) and the longer the 
response latency. Models based on this sort of formulation have been 
described by Stilson (1966), and they appear to have some promise 
in accounting for variations in recognition latency as a function of 
stimulus surprisal. 

Suppose the stimulus sets in motion a sequence of events in the 
central nervous system that is a composite of stimulus effects and 
intrinsic neural noise. These neural events lead to parallel accumulation 
processes, one associated with each response. Accumulation continues 
until the amount associated with one response exceeds that associated 
with every other one by at least some minimum amount. Then, effer- 
ent activity leading to that response begins. 

The accumulation time that elapses before this activity begins is 
the central component of a response latency, and it will depend on 
several things. First among these is that the larger the number of 
competing responses (responses for which there is a nonzero accumu- 
lation rate), the longer it will take for the minimum-difference thresh- 
old to be exceeded. Second, the minimum-difference threshold for 
response initiation might be lower for more probable responses than 
for less probable ones. This means that more probable responses would 
be expected to occur with shorter latency. In general terms, at Jeast, 
this provides a basis for the decrease in response speed and reproduc- 
tion probability with increasing surprisal or conditional response un- 
certainty. 

Perhaps such a formulation can provide a basis for understanding 
the prolonged word-association latency and response-reproduction 
failure that have been attributed to ‘complex indicators or, more gen- 
erally, to ‘emotionally loaded’ words (see Laffal, 1955). It may be that 
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these words produce more neural noise in the sequence of central- 
nervous-system events than do neutral words and that the diffuseness 
of the central event sequence is therefore greater. Such an effect, 
which is similar to Hebb's (1949) mechanism for emotional dis- 
turbance, would increase the number of responses significantly affected 
by the stimulus word and decrease the magnitude of the effect on the 
most likely responses. And as we have seen, such increased response- 
competition effects are associated with longer latencies and reduced 
reproduction probabilities. Of course, such a mechanism should be 
invoked only after allowing for the response-competition effects re- 
ported above, effects which are presumably relatively free of depend- 
ence on emotional impact. 


Notes 
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author, by National Institute of Health Research Grant 00404-01 from the 
Division of Research Facilities and Resources, and by a grant from the 
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assistance in the analyses of the data, to Frank Briese for statistical advice, 


Denver, Colorado; and Rogers is now at Case Western Reserve University, 
Cleveland, Ohio. Revision received for publication August 27, 1971. i 
M 1. If f;; is the frequency of occurrence in a normative sample of wor 
ias a response to stimulus word j, N is the total number of responses to 
word j, and 7; is the number of distinct responses to word j, then the estimate 
of conditional response uncertainty for stimulus word j is 
P % fut 5 Tarte 
H(R\S;) = -X 
i=l 


Since f; was 0 for some responses. 


um s " d 
9, Using the notation of note 1, the conditional response prd NI. 


iin response to stimulus word j was estimated by ~ log, i; : 
3, There was a tendency for the bivariate distribution of some subjects to 


‘sag i i inate. In con- 
sag’ in the middle when response speed was plotted as the aron ini 


sidering this, it must be remembered that surprisal was esti gish- 


response frequencies for a group of 250 subjects in the case of the En 
Speaking sple and 300 Spent in the Norwegian-speaking eae 
à group undoubtedly gives a greater number of distinct oap d 
Single person has available in his repertoire, so our estimates of con : 
response probability for an individual are probably low. This means tha 
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conditional response surprisal is overestimated by an amount that increases 
with surprisal. It is possible that this accounts for the sag. 

4. For most of the English-speaking subjects, data on four-choice reaction 
time were also available. The across-subjects correlation. (within groups) 
between mean four-choice reaction time and word-association response speed 
was —.47 (p <.05). The correlation between mean four-choice reaction 
time and mean conditional word-association response surprisal was .35 
(p <.05). Thus, it is not simply word-association speed that is related to 
looseness of association; rather, one suspects that general slowness and 
associative looseness covary, as Stilson (1966) has suggeted. 
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REPORTING OF FRAGMENTATIONS 
IN THE BINOCULAR RIVALRY OF CONTOURS 


Rosemary Cogan and Alvin G. Goldstein 
Texas Tech University and University of Missouri 


Male and female college students reported changes for 5 min while Lang gt 
rivalry or pseudo rivalry (sequences of rivalrylike stimulus changes) wit 
or without fragmentations, under rapid-rate, natural-rate, or slow-rate in- 
structions; first- and second-grade girls had only natural-rate instructions. 
Differences in rivalry rates were not related to response mechanisms and may 
be presumed to reflect perceptual differences. Age, sex, instruction, and 
temporal variables affected rivalry independently. 


Stimulus fragmentations, or partial disappearances of one or both 
stimuli in binocular rivalry, are not limited to a single stimulus class 
used in rivalry but have been reported in response to colored stimuli 
(Fechner, 1861; Hering, 1964; Meenes, 1930; Washburn, Faison and 
Scott, 1934; Asher, 1954; Meredith and Meredith, 1964; Fox, 1968) 
and in response to a variety of stimuli of intersecting contours (Du- 
Tour, 1760 [sic]; Renshaw, 1940; Barany and Hallden, 1947; Crain, 
1961: Fox, 1963; Meredith and Meredith, 1964; Cogan, 1966, 1970; 
Cogan and Goldstein, 1967; Smith, 1968; Whittle, Bloor, and Pocock, 
1968). At least in rivalry of contours, stimulus fragmentation is not 
of minor importance, since fragmentations represent some 30% of all 
perceptual changes (Smith, 1968; Whittle, Bloor, and Pocock, 1968; 
Cogan, 1970) and all subjects report the appearance of fragmentations 
during contour rivalry when asked (Cogan, 1966).* 

When subjects are asked in typical rivalry studies to report the 
perception of either half-image or of both half-images together, the 
occurrence of fragmented perceptions may create a serious reporting 
problem, For instance, when viewing a vertical and horizontal line as 
half-images, a subject may perceive a sequence of perceptual changes 
such as 


= : + ad + 


He then has several equally reasonable reporting alternatives, ranging 
from ‘horizontal, both’ to ‘horizontal, both, horizontal, both ' or perhaps 
horizontal, vertical, both, horizontal, both.” 
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The question here is whether such difficulties in reporting frag- 
mented perceptions might be related to several rather puzzling sets 
of findings within the rivalry literature. Instructions affect rivalry rates 
when subjects are asked to try to increase, decrease, or not alter the 
rate of rivalry changes (Southall, 1925; McDougall, 1903; Fry, 1936; 
Renshaw, 1940; Miller, 1958; Meredith and Meredith, 1962, 1963; 
Lack, 1967, 1969). Children report fewer rivalry changes than young 
adults (Murroughs and Ball, 1951; Goldstein and Cofoid, 1965). Men 
report fewer rivalry changes than women (Goldstein and Cofoid, 
1965). Finally, rivalry rates increase during the first several minutes 
of viewing interrupted by rest periods ( Gramlich, 1948; Goldstein and 
Cofoid, 1965; Aafjes, Hueting and Visser, 1966; Cogan and Goldstein, 
1967), while a smaller increase in rivalry rate is typically found during 
continuous or uninterrupted viewing (Aafjes, Hueting, and Visser, 
1966; Cogan and Goldstein, 1967). 

It seems possible that in each of the above instances, differences in 
strategies adopted in reporting ambiguous fragmented perceptions 
might account for the differences found. Perhaps instructions act 
simply to establish the criterion to be adopted in reporting fragmented 
perceptions, Perhaps children tend to interpret their instructions more 
literally than adults and tend not to report fragmented perceptions. 
Similarly, sex and temporal effects on rivalry might reflect differences 
in reporting the rivalry experience rather than differences in the actual 
perception of rivalry. 

Although rivalry perceptions are private experiences not directly 
accessible to public inspection, evaluation of the ‘reporting’ hypothesis 
is possible. If subjects were presented with visual stimuli that simulated 
real rivalry along various parameters (a pseudorivalry situation), 
within which the presence of fragmentation sequences might be manip- 
ulated, responses to real rivalry could then be compared with re- 
sponses to pseudorivalry situations that either included or did not 
include fragmentation sequences. It would be possible to infer, in this 
manner, the way in which fragmentation sequences known to occur 
in contour rivalry are handled by the subjects. 

If the findings discussed earlier result from different solutions to 
the problem of reporting fragmented perceptions, some rather clear 
results may be expected. If the ‘reporting’ hypothesis is correct, the 
responses of subjects in a pseudorivalry viewing condition that in- 
cludes fragmentations should be like the responses of subjects viewing 
real rivalry; while the reports of subjects in a pseudorivalry condition 
without fragmentations should differ from reports of subjects viewing 
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real rivalry and should not be affected by variations in age, sex, in- 
structions, or viewing time. If the ‘reporting’ hypothesis is not correct, 
the responses of the subjects in both pseudorivalry conditions should 
differ from the reports of subjects viewing real rivalry but should not 
be differentially affected by variations in age, sex, instructions, or 
viewing time. 

Preliminary work (Cogan, 1970) indicated that when attention is 
paid to various perceptual units in rivalry, the frequency and duration 
of perceptions are affected. The problem of developing pseudorivalry 
sequences resembling real rivalry was approached by using experi- 
enced subjects able to continuously report their perception of rivalry 
changes. 


METHOD 


Development of pseudorivalry sequences 


—Subjects—Two men and one woman served as subjects. Each had been 
in an earlier rivalry experiment, and each had normal vision as evaluated by 
Bausch & Lomb Ortho-Rater measures of acuity and phoria at near and far 
viewing positions. 


—Stimuli—The stimuli consisted of a monocular vertical and a monocular 
horizontal line. Each line was 1.6 cm long by .1 em wide and subtended 3.9 
deg of visual angle. Each was surrounded by two fusion circles measurin 
18 cm and 2.2 cm in diameter respectively, with a .l-cm line width. 
monocular stimulus field subtended 5.6 deg of visual angle. 


—Apparatus— The stimuli were projected as white figures on a black field 
with two Grason Stadler E4580 projectors mounted on a Keystone tele- 
binocular modified so that interstimulus a t be adjusted. — 
distance was 23 cm. The extraneous visual field was masked with flat- 
construction paper mounted around the projectors, exposing the 
stimulus fields to the subject’s view. 


—Procedure—Each subject refamiliarized himself with the appearance of 
rivalry and practiced reporting the following four categories of ri 
simultaneously: i 

Category 1 Both images complete — 

Category2 One image complete, with part 

of the second image, €. t 

Category3 One complete ein alone, e.g, l 

Category 4 Parts(s) of one or th images, eg, F 
Each subject responded by using one of four response keys next to the 
telebinocular to report one of the four oes of perceptions. aye 
reported rivalry perceptions continuously with no evident iculties for five 
l-min viewing periods with 30-sec rest periods between each viewing minute. 
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—Construction of sequences—The pseudorivalry sequence with fragmenta- 
tions was costata ip sampling five 1-min viewing periods at random from 
the 15 viewing minutes available. In all cases, fragmentations were arbitrarily 
limited to halk lines for practical reasons. Within category 2 each of the many 
possible combinations was assumed to occur with equal probability. Since 
category 4 presents many possible orientations but occurs infrequently, it was 
represented by only two of its possible representations, randomly selected. 

To construct the pseudorivalry sequence without fragmentations the same 
5 min of reporting were used. Only categories 1 and 3 were to be represented 
here. Since these categories have been found (Cogan, 1970) to occur with 
equal probability, category 1 or 3 was randomly assigned to each of the 
durations in the minutes selected for the pseudorivalry sequence with frag- 
mentations. Thus, the frequency and duration of stimulus sequences were 
identical in both pseudorivalry sequences, as can be seen in Table 1, although 
four categories were represented in the fragmentation conditions and two 
categories were represented in the no-fragmentation conditions. 


Table 1. Sequences of stimulus changes in conditions of pseudo rivalry with 
fragmentations and of pseudo rivalry without fragmentations; first. 1-min 
viewing period 


Stimulus Duration Stimulus Duration 
sequence (sec) sequence (sec) 
With Without With Without 
fragmen- fragmen- fragmen- fragmen- 
tations tations tations tations 
l c :E L0 35 = | 2.0 
2, 4 — 3 16. | —- 23 
ROME d 52 15. + I 7 
4 T - 8 18. — + 27 
BAET | 2.0 19. + l 5.0 
6. p + 5 20. - — 25 
te ee - 9 291. F + AT 
S Me PPM - 12 
9. + "eeu. 93. + [ 1.2 
10. 4 - 6 9A. | - 28 
lla al "Hu 3.8 25. + + 8 
12. + | 15 96. | - 25 
I. = — 22 27. + + 75 
14. + + 6 


Evaluation of the ‘reporting’ hypothesis 


—Subjects—One hundred and seven students from Texas Tech University 
volunteered as subjects, Sixteen students were discarded from the sample 
because of visual anomalies, and one student was discarded who reported 
no rivalry during 5 min of viewing. This left 45 men and 45 women in the 
adult sample. Eighteen first- and second-grade girls also participated as 


" 
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subjects. Three girls were discarded from the sample because of visual 
anomalies. 


— Stimuli—The stimuli consisted of the projected images described above. 
Three variations of the sequences of stimulus changes were presented: real 
rivalry, in which the monocular vertical and monocular horizontal stimuli 
were presented simultaneously without change for l-min intervals; pseudo 
rivalry with fragmentations; and pseudo rivalry without fragmentations, in 
which the pseudorivalry sequences were presented binocularly. 


—Apparatus and procedure— The apparatus was that described above, ex- 
cept that key depressions were recor ed on the moving paper of an Esterline 
Angus event recorder. Stimulus sequences were contro led with BRS solid- 
state and relay equipment and a BRS paper-tape timer. 

After the rivalry situation was described in general terms, each subject 
was asked to report his perceptions of one viewing condition by depressing 
one or both of two keys positioned by the telebinocular. Each was asked to 
depress the right key when a vertical line was seen, the left key when a 
horizontal line was seen, and both keys when both lines were seen. Each 
practiced by responding to whole horizontal, vertical, and both-line stimuli 
drawn onto 5-by-7-in. cards and presented by the experimenter at the side of 
the telebinocular until responses appeared stable to both the subject and the 
experimenter. " 

Each subject was asked to view and report rivalry for five 1-min periods 
of time, with 30-sec rest periods after each viewing minute. Each subject was 
then given one of three sets of instructions, adopted from those of Meredith 
and Meredith (1962). The rapid-rate instructions were: “While you are 
watching, I would like you to look at the figure in an active manner. Look 
steadily at the center and try to make the lines change as quickly as possible. 
You can do this by concentrating. If you see the vertical line, concentrate 
on seeing the horizontal line next; if you see the horizontal line, concentrate 
on the vertical line until you see it.” The natural-rate instructions were: 
“While you are watching, 1 would like you to look at the figure in a passive 
manner. Look steadily at the center and do not try to control the changing 
of the lines. Just relax and let the lines change at their own natural rate. 
The slow-rate instructions were: “While you are watching, I would like you 
to look at the figure in an active manner. Look steadily at the center and try 
to make the lines change as slowly as possible. You can do this by n 
centrating. If you see the vertical line, try to keep seeing it, If you see the 
horizontal line, concentrate on it and try to keep seeing it as long as you we 

Each adult was randomly assigned to one viewing condition and e se 
of instructions; viewing conditions were counterbalanced in order and in- 
structional conditions assigned in random order within each seed 
sequence. Each girl was randomly assigned to one viewing condition E M 
were given natural-rate instructions; viewing conditions were presente 
counterbalanced order. $ 

The number of rivalry changes and the number of rivalry oe 
were tabulated for each subject during each l-min viewing perio i el 
two pseudorivalry sequences, where the rate of changes per minu ES p 
across viewing time, the percentage of the changes and the percentage 
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the cycles presented which were were tabulated for each subject 
in each 1-min viewing . The data on number of changes, number of 
cycles, percentage of nges, and tage of cycles were analyzed in 


two groups of repeated-measures ana of variance: comparisons between 
adult data, and comparisons between the reports of girls and women. 


RESULTS AND DISCUSSION 


The two pseudorivalry sequences were used to evaluate the experi- 
mental hypothesis, which predicts (a) that similar changes in rivalry 
rate over viewing time should obtain for subjects viewing real rivalry 
or pseudo rivalry with fragmentations, while no changes in rate should 
occur over viewing time for subjects viewing pseudo rivalry without 
fragmentations; (b) that similar instructional effects should obtain for 
subjects viewing real rivalry and pseudo rivalry with fragmentations, 
while no instructional effects should obtain for subjects viewing pseudo 
rivalry without fragmentations; (c) that similar differences should be 
found between the rivalry rates of men and women among subjects 
viewing real rivalry and pseudo rivalry with fragmentations, while 
no differences should be found between men and women viewing 
pseudo rivalry without fragmentations; and (d) that similar differences 
between the rates of women and girls should be found among subjects 
viewing real rivalry and pseudo rivalry with fragmentations, while no 
differences should be found between the rates of women and girls 
viewing pseudo rivalry without fragmentations. In each instance, an 
interaction between the two pseudorivalry conditions is predicted by 
the experimental (‘reporting’) hypothesis. 


Viewing conditions 


More changes and cycles were reported with real rivalry than in 
either pseudorivalry situation [number of cycles, F(2,72) = 96.0, p 
«001; number of changes, F(2,72) = 213,p < .001] and more 
changes and cycles were reported in the pseudorivalry situation with- 
out fragmentations than in the one with [percentage of changes, 
F(1, 48) = 1645, p < 001; percentage of cycles, F(1, 48) = 204p 
< .001]. Evidently, part of the difficulty presented by the appearance 
of fragmented stimuli that were ambiguous in terms of instructions 
was resolved by a tendency for subjects to report no change when 
fragmentations were presented. 


IN 
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Temporal variables 

The present data replicate the previously reported increase in 
rivalry rate over several minutes of discontinuous viewing time (Aafjes 
et al., 1966; Cogan and Goldstein, 1967). In the present study, rivalry 
rate was found to increase over viewing time for all measures among 
adults [number of cycles, F(4, 288) = 36.1, p < 001; percentage of 
cycles, F (1, 192) = 67, p < .001; number of changes, F (4, 288) = 66.3, 
p < 01; and percentage of changes, F(4,192) = 18.8, p < 001); por- 
both age groups [number of changes, F(4,96) = 11.8, p < .001; per- 
centage of changes, F(4,64) = 6.5, p < .001; number of cycles, F 
(496) = 6.6, p < .001; and percentage of cycles, F(464) = 5.1, p 
< 001]. The effect of viewing time on rivalry rate did not interact 


without fragmentations, while the rate reported in response to pseudo 
rivalry with fragmentations remained rather stable over viewing time. 
This finding is reflected in the reliable interaction between viewing 
time and viewing conditions among adults [number of cycles, F(8, 
288) — 12.9, p < 001; percentage of cycles, F(4, 192) = 5.1, p <00; 
number of changes, F(8,288) — 145,p < .001; and percentage of 
changes, F(4, 192) = 13.5, i cus pent 5 ee d pe ir 
the two age groups, which i 

F(8, 96) = Pa p< (09; and percentage of changes, F(4, 64) = 22, 


to real rivalry. It seems clear that responses to fragmentation are not 
related to the time changes in rivalry rate that were under considera- 
tion here. In addition, the tendency of subjects viewing pseudo rivalry 
percentage of the whole- 


line rivalry changes presented to this group over viewing time does 


whole-line rivalry changes over viewing time, the group seeing pseudo 
rivalry with fragmentations—a group also exposed to a y 
changes—showed no increase over viewing time. If the tendency 
report more whole-line changes later in viewing time were critical, 


changes for both pseudorivalry groups should be like changes observed 
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with real rivalry. The data suggest, then, that it is the 
of rivalry which changes over several minutes of spaced viewing in 
a real rivalry situation, and not simply the reports of what is perceived. 


Instructional variables 


The number of cycles reported was reliably affected by instructions 
among adults [F(2, 72) = 3.25, p < 04). Interestingly, earlier litera- 
ture has reported instructional effects for short viewing periods only 
when a ‘cycles’ measure of rivalry has been used ( , 1958). Only 
studies in which subjects have practiced the control of rivalry 
reported. instructional effects on dominance changes in rivalry ( 
dith and Meredith, 1962, 1963; Lack, 1967, 1969), so there ma: 
differences in the speed with which control of rivalry cycles and 
changes is achieved. The interaction between instructions and viewing 
conditions was reliable for the number of cycles [F(4, 72) = 34, p < 
01) and approached reliability for the number of changes [F(4,72) = 
2.00, p < .10]. 

Although instructions affected rivalry rates among subjects viewing 
real rivalry (see Figures 1 and pe wars og mag ae 
associated with instructional set ei! 

instructional set and 


between 
rivalry viewing conditions was not found. It seems most probable that 
rivalry changes associated with instructional set do not arise from 


throughout 5 min of viewing real rivalry, and was superimposed 
changes in rivalry rate associated with time. 


Sex variable 


for changes [F(2,72) = 3.6, p < 05] and for cycles [F(2,72 = 
3.44, p < 04], (Tt an be seen in Figures 3 and 4 that the women 
viewing real rivalry reported more changes and cycles than did i 
men. The sex differences were also reliable for both percentage 
changes [F(1,48) = 393, p < 05] and percentage of cycles [F(1, 
48) = 15.13, p < .03] within which the two pseudorivalry conditions 
were directly compared. Within the pseudorivalry conditions, as = 
be seen in Figures 3 and 4, men reported reliably more changes an 
cycles than women. : a 
The reliable interaction between sex and pseudorivalry viewing 
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conditions that is predicted by the experimental hypothesis was not 
found. In fact, women were somewhat more conservative than men 
in reporting changes in both pseudorivalry conditions, suggesting that 
differences in rivalry rates of men and women previously reported in 
the literature (Goldstein and Cofoid, 1965) and replicated here may 
reflect even greater differences in perceived rivalry rates. Certainly, 
the present data strongly suggest that there is a difference between 
men and women in the perception of rivalry, and not simply a dif- 
ference in the manner in which they report their perceptions. 


Age variable 


Girls reported slower rivalry rates than women [number of changes, 
F(4,24) = 162, p < .01; number of cycles, F(4, 24) 2142, p< 
.001], as may be seen in Figures 3 and 4, This age difference is in 
accord with the findings of Murroughs and Ball (1951) and Goldstein 
and Cofoid (1965). 

The experimental hypothesis predicted less difference between age 
groups in reporting the nonambiguous pseudorivalry sequence without 
fragmentations than in reporting the pseudorivalry sequence with frag- 
mentations, This prediction may be evaluated most clearly in Figure 
3. Although the interaction between age and viewing condition was 
reliable when all three viewing conditions were considered [number 
of cycles, F(2, 24) = 58, p < .01; number of changes, F(2, 24) = 46. 
p < .02], this reflected a smaller difference between women and girls 
viewing both pseudorivalry sequences as compared with the rather 
large difference between age groups viewing real rivalry. The critical 
interaction between the two pseudorivalry conditions was not reliable. 

Girls did report fewer changes and cycles than women when viewing 
both pseudorivalry conditions [percentage of changes, F(4, 16) = 16.7, 
p < 01; percentage of cycles, F(4, 16 = 3.6, p< .07], suggesting that, 
at least for the rate of stimulus changes presented here, girls’ reports 
differ from women's whether or not the stimulus changes are ambiguous. 
From Figure 1 it is evident that girls tended to report almost exactly the 
same number of stimulus changes as the number of whole-line (non- 
fragmented) stimulus changes presented in the pseudorivalry sequence 
with fragmentations. This may suggest that girls do not report the frag- 
mentations they perceive but that they accurately do report nonambigu- 
ous stimulus changes which occur at moderate rates. 

Several questions must be answered before any clear conclusions can 
be drawn about the relationship between differences in reporting 
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perceptions of rivalry and the age variable. Children did report faster 
rates in both pseudorivalry conditions than with real rivalry, suggesting 
that their responses to rivalry did not represent a maximum possible 
response rate. However, the pseudorivalry sequences were generated 
from data produced by adults and simulated rivalry at rates faster than 
usually reported by children. Similarly, we have no direct estimate of 
the frequency of fragmentations typically perceived by younger sub- 
jects. In postexperimental questioning, all girls who viewed real rivalry 
reported some perception of fragmentations. Although this has not 
been explored, the children’s responses suggested that they saw few 
fragmentations and that the fragmentations they did see may have 
lasted longer than the fragmentations reported by adults. None of the 
girls asked how to report fragmentations when viewing real rivalry 
during the experimental session, although this was a common question 
among adults.’ (Both girls and adults who viewed pseudorivalry with 
fragmentations tended to ask how to report fragmentations. ) 

In any case, an analysis of children’s reported rates to pseudo- 
rivalry sequences generated from data produced by children was not 
required by the experimental hypothesis, which predicted relative 
differences in reporting pseudorivalry with and without fragmentations. 
Since the difference in rivalry rate between adults and children was 
considerably larger in real rivalry than in either pseudorivalry condi- 
tion, it seems unlikely that differences in reporting styles would be 
sufficient to entirely account for age differences in rivalry rate. 

In conclusion, rivalry rates were affected by temporal, instructional, 
age, and sex variables, each of which appears to affect rivalry inde- 
pendently of the others. In each case, the primary effects of the four 
variables under consideration were most probably directly perceptual. 
That is, changes in rivalry rate associated with the variables investi- 
gated here do not simply reflect changes in the styles of reporting 
stimulus changes but must be due to more basic, perceptual, processes. 


Notes 


Based on portions of a dissertation submitted by the first author to the 
University of Missouri in partial fulfillment of requirements for the doctoral 
degree, Requests for reprints should be sent to the first author at the 
Psychology Department, Texas Tech University, Lubbock, Texas 79409. 
Revision received for publication September 7, 1971. 

1. The stimulus situation involving rivalry of a disk within a ring, 8 
situation which involves adjoining contours and may be viewed as a specia 
case of color rivalry, has provoked conflicting comments. Hering (1964) 
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observed alternation between a ring and a disk "whether in a limited area or 
throughout"; Levelt (1968) has taken the position that stimulus fragmenta- 
tion does not occur in response to the ring/disk stimulus. There seem to be 
no experimental data bearing on the appearance of fragmentations in ring/ 
disk rivalry, and in fact, no experiments in which stimulus variables have 
been manipulated and the fragmentation sequences evaluated. All of the 
variables under study here have been investigated previously only with the 
rivalry of moderately large contour stimuli, in which fragmentations are 
known to occur with considerable frequency. 

2. Both the ‘cycles’ measure of changes from dominance of one eye to 
dominance of the other eye and a return to dominance of the first eye, and 
the simpler evaluation of the ‘number’ of dominance changes have been 
included to detect possible differences between the two measures. 
problem of measurement of rivalry fluctuations has been discussed by Gold- 
stein and Cofoid (1965) and by Cogan and Goldstein (1967). 
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RETENTION-TASK CARRYOVER EFFECTS AFTER 
VERBAL-DISCRIMINATION LEARNING 


N. Jack Kanak, Lawrence E. Cole, and C. Dwayne Curtis 
University of Oklahoma 


Three experiments, each using a different recall procedure, failed to find 
reliable carryover effects between modified free-recall and associative-match- 
ing retention tasks either after verbal-discrimination learning of a single list 
(unlike Keppel, 1966) or in a nonspecific-transfer condition. The latter 
condition yielded significant unlearning of context-item associations in all 
three experiments and of incidentally learned specific associations in two. 


Three experiments were conducted to clarify the methodological 
issue (raised by Keppel, 1966) of whether two within-subject measures 
of retention after verbal-discrimination learning result in serious con- 
founding of the second measure. In addition, all three experiments 
investigated the unlearning of contextual and specific associations 
after practice on a nonspecific transfer list (Kanak and Curtis, 1970). 

Keppel, in a study of single-list verbal-discrimination learning and 
retention, found that a counterbalanced, within-subject administration 
of two retention tasks—modified free recall ( Briggs, 1954) and associ- 
ative matching (McGovern, 1964)—resulted in significant carryover 
effects, When the matching task came first, scores on the recall task 
were inflated compared to when the recall task came first, a result 
which Keppel attributed to the opportunity for additional item learning 
during the prior matching task. More important to investigators who 
give first the recall, then the matching task in a within-subject design 
(as, for example, in retroactive-inhibition studies of the unlearning of 
response items and of specific associations) was Keppel's finding that 
scores on the matching task were depressed when it came second com- 
pared to when it came first. Keppel speculated that this effect was 
produced by the associative interference created by incorrect pairings 
on the prior recall task. Although the primary concern of each of the 
present experiments was with this effect of prior recall on matching- 
task scores, all three of the experiments employed a counterbalanced 
administration of both tasks, to test the replicability of Keppel's results 
when the recall task is given in a manner similar to or different from 
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that which Keppel himself used in his investigation in 1966 . 

The modified free-recall task is typically administered, whether in 
paired-associate or verbal-discrimination studies, in one of three ways. 
Separate subjects may be asked to recall unidirectionally, that is, to 
recall either in the forward or backward direction in response to pre- 
sented items; bidirectionally in discrete trials, that is, to recall in a 
given direction and then in the opposite direction, with direction of 
first recall usually counterbalanced across subjects; or unidirectionally 
in nondiscrete trials, that is, to recall to a mixed list in which half of the 
cue items involve forward recall, the remainder backward recall. 

Keppel’s unpaced recall task involved the latter procedure, in a 
manner such that six wrong (W) and six right (R) items from the 
12-pair verbal-discrimination list were presented for recall of the six 
R and W items, respectively, with which they had been paired. It is 
conceivable that Keppel's observed depression of matching-task scores 
after recall could be related to the mixed-list procedure and may not 
be a factor in other recall procedures. Kanak and Curtis (1970), how- 
ever, found evidence which suggested that a similar effect might be 
operative with discrete-trial bidirectional recall. A significant negative 
correlation was found between errors or incorrect responses on the 
recall task and correct scores on a subsequent matching task. This 
relationship occurred only for a group which, as in Keppel's study. 
learned a single verbal-discrimination list that was followed immedi- 
ately by the retention tasks; it did not occur either for a nonspecific- 
transfer group that learned an unrelated list 2 prior to retention tests 
on list 1 or for a ‘normal-forgetting’ control group. Kanak and Curtis 
concluded that the apparent lack of influence of prior recall on match- 
ing-task scores in the nonspecific-transfer group indicated that the 
matching-task measure of specific-association unlearning was, relative 
to the depression of scores in the immediate-recall group, a conser 
vative estimate of retroactive inhibition. 

Due to the importance of this methodological question to retro- 
active-inhibition research designs, Experiment I was designed to inves- 
tigate the problem under conditions of unmixed-list unidirectional 
recall after verbal-discrimination learning. Experiment II tested the 
replicability of Keppel’s findings, using (as he did) mixed-list, non- 
discrete-trial unidirectional recall. Experiment IIT investigated dis- 
crete-trial bidirectional recall. In addition, each experiment included 
a nonspecific-transfer group to determine whether the potential carry- 
over effects extended to estimates of retroactive inhibition of context- 
item and specific associations. 
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EXPERIMENT I 


Method 


—Subjects—The 64 subjects were students in introductory psychology at 
the University of Oklahoma and participated as part of a course uirement. 
They were randomly assigned to the eight treatment groups (each N = 8) 
in the order of their appearance at the laboratory, within the restriction that 
a given block of eight cells (representing the eight treatment conditions) be 
filled before assignment of cell n+1. None of the subjects had previous 
experience in verbal-learning experiments. 


—Materials—A pool of 60 familiar words was selected from the Palermo and 
Jenkins (1964) norms, with the primary criterion for selection being that 
all words be associatively unrelated to each other. Two saipa, each of 
15 words, were randomly selected from the original pool, with one subpool 
randomly designated as R items and the other as W items. Random pairings 
were then generated to form list 1A. List 1B was formed by reversing the 
intrapair W and R functions of the items in list 1A. Lists 1C and 1D were 
constructed by randomly re-pairing lists 1A and 1B respectively, within the 
restriction that each W item now be paired with a different R item. The 
words for both treatment conditions—single list and nonspecific-transfer 
list—were the same as those used by Kanak and Curtis (1970), although 
that study did not involve counterbalancing of item function. The four 
variants of list 1 were employed to provide greater generality of the results 
and to minimize the influence of idiosyncratic ‘associations, and each 
appeared equally often within each treatment condition. — — 

List 2 for the transfer condition was formed from the legen 30 words 
in the same manner as list 1A. Four random serial orders of eac list were 
employed to minimize the influence of position cues. Jn addition, the left/ 
tight spatial position of R items was randomized within the restrictions that 
each R item appear equally often in a left/right spatial position and that 
runs of R items occupying a given spatial position be limited to four. 


task i for list 1 pairs, while the other 16 subjects got 
ask, then the matching task for lis A E rel a, el € got 
subjects (N = 8) in each of these four subgroups rec: items in re- 
Sponse i the W Me printed on a sheet of een and the pe ae 
W items in response to R items. In the matching task, the W and items 
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were presented in separate columns on à sheet of paper, and the subjects 
were instructed to match them. The stimulus materials for both retention 
tasks were presented in new random orders. As in Keppel's study, both reten- 
tion tasks were unpaced and the subjects were instructed to guess if uncer- 
tain of the correct pairing. The between-group variables thus represent a 
2x2x2 iuste] din with number of lists learned (single list versus 
transfer list), direction of recall (W-R versus R-W), and retention-task 
sequence (recall first versus matching first) as the three factors. 


Results 


In acquisition, the four variants of list 1 produced a range in mean 
trials to criterion of 7.00 to 8.94, differences which were clearly non- 
significant [F(3,48) — 1.54, p > .20]. Furthermore, the main effects 
for the dummy variables of retention-task sequence [F(1, 48) — 1.49] 
and number of lists learned (F « 1) were also nonsignificant. The inter- 
action of list variants and retention-task sequence, however, was signi- 
ficant [F(3, 48) = 4.18, p < .025]. No other interactions approached 
significance. The significant interaction resulted from the greater dif- 
ficulty of lists 1A and 1C for subjects who later received the recall task 
first, while the 1B variant was somewhat more difficult for those who 
received the matching task first These differences are most likely 
attributed to chance selection factors, since neither of the main effects 
approached significance. 

That differential trials to criterion were associated with the sub- 
groups in the interaction could represent a potential source of con- 
founding and limit the generalizability of the results from the retention 
tasks. However, other studies (Kausler and Olson, 1969) have found 
negligible relationships between degree of learning and retention mea- 
sures of incidental learning in the verbal-discrimination task. A similar 
conclusion seems warranted in the present study, since all of the eight 
product-moment correlation coefficients (range of +.52 to — 46, df 
= 6) between trials to criterion and recall scores for each combination 
of list variants and retention-task sequence, summed over direction of 
recall and number of lists learned, were nonsignificant. Only one of the 
coefficients resulted in a statistical trend (p < .10). In addition, all 
eight coefficients between trials to criterion and matching-task scores 
were nonsignificant (range of +.39 to —.37, df = 6). The conclusion 
that differential degrees of learning by the subgroups in the interaction 
did not measurably influence measures of retention therefore seems 
tenable, Consequently, the analyses reported below omit list variants 
as a factor. 

Consistent with Keppel’s 1966 report, the data on modified free 
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recall were treated by both stringent (only correct pairings counted) 
and lenient (total items recalled counted, without regard to corect- 
ness of pairing) scoring. Both types of analysis involved three factors: 
number of lists learned, retention-task sequence, and direction of 
recall, each at two levels. 

Keppel reported that total item recall was significantly greater when 
the matching task came first, but it is not possible to determine from 
his report whether the same was true for only correct pairings, that is, 
for stringent as well as lenient scoring. In the present study, stringent 
scoring resulted in no effect of retention-task sequence (X = 6.16 ver- 
sus 6.17; F <1), while lenient scoring produced a statistical trend 
toward better recall when the matching task was first than when the 
recall task was first(X = 8.46 versus 6.97; F (1,56) = 2.94, p « 10]. In 
the latter analysis, however, retention-task sequence produced a trend 
toward a significant interaction with the number of lists learned (FQ, 
56) = 3.76, p< .10]. No other interactions involving the retention- 
task sequence approached significance (all Fs < 1). 

The trend toward a significant interaction stemmed mainly from the 
transfer group, which recalled more items when the matching task came 
first (127 versus 78), while sequence did not affect the recall of the 
single-list group (145 versus 142). Since total item recall for the trans- 
fer group was significantly less than that for the single-list group [X = 
646 versus 8.97; F(1,56) = 935, p < 405], the higher recall by the 
transfer group when the matching task came first likely reflects the 
reinstatement during the matching task of the availability of items that 
had undergone unlearning during list 2 as a result of competition be- 
tween context-item associations of list 1 and list 2 (Kanak and Cur- 
tis, 1970). 1 dd 

The analysis of the stringent scores also indicated significantly 
poorer recall by the transfer group [X — 491 vers 131; F(1,56) = 
10.96, p < .005], but the interaction with retention-task sequence was 
far short of significance [F (1,86) = 1.55, p > 10]. It might uide 
noted that in both the stringent and lenient scoring analyses, W-R f 
was significantly superior to R-W recall IX - 1.06 boss im a 
stringent scoring, 8.66 versus 6.72 for lenient scoring; F S t ne 
5.35 respectively, both ps — 095], whereas direction of reca E d 
interact significantly with either of the other factors (all ps 7 mat d 

In summary, then, although the analysis of total item recall produce 
à trend toward superior recall when the matching task was given a 
the first rather than as the second measure of retention, this superiority 


was limited to the transfer group and, in contrast to Keppel's findings. 
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did not extend to the single-list group. Furthermore, the sequence effect 
under stringent scoring did not even reach the level of a significant 
trend nor did it interact with the number of lists learned. 

The analysis of scores for associative matching failed to produce any 
significant differences as a function of either sequence of retention tasks 
(X = 6.35 for recall first versus 7.00 for matching first) or number of 
lists learned (X = 6.30 for transfer versus 7.05 for control) and the 
interaction was nonsignificant (all Fs « 1). In addition, the product- 
moment correlation coefficients between errors (both intra- and extra- 
list) on the prior recall task and correct scores on the subsequent 
matching task for the single-list and transfer groups, with subjects 
subdivided for each direction of prior recall, were all nonsignificant 
(critical r.os = +.62, df = 6), although the value for the single-list, 
W-R recall group approached significance (r — .61; all other rs were 
between —.40 and — 43). 


EXPERIMENT II 


Experiment II employed a mix-list, nondiscrete-trial unidirectional 
recall task comparable to Keppel’s (1966), and used the same materi- 
als as in Experiment I, in order to test the replicability of Keppel's 
findings with different subjects and a longer list, and to determine 
whether Keppels observed depression of matching-task scores after 
mixed-list unidirectional recall is generalizable to the nonspecific-trans- 
fer condition. 


Method 


—Subjects—The 32 subjects were again students in introductory psychology 
at the University of Oklahoma and participated as part of a course require- 
ment. None had been in any verbal-learning experiments, and they were 
assigned to the four treatment groups (each N = 8) as in Experiment IL 


— Procedure—The verbal-discrimination lists and the conditions of presenta- 
tion of each list were identical to those of Experiment I except that list M 
learning, in consonance with Keppel’s procedure, was continued to two 
successive perfect trials. Ten trials were again given on the transfer list. 
Due to the uneven number of verbal-discrimination pairs (15), the mixed- 
list recall task was administered in such a way that half of the subjects in 
each of the four groups recalled eight W and seven R items to the eight and 
seven R ‘and W items, while the remaining subjects recalled seven W an 
eight R items to the seven R and eight W items that were presented. The 
matching task was administered as in Experiment I. The major variables in 
Experiment II, then, were number of lists learned, retention-task sequence, 
and the within-subject factor of direction of recall. 
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Results 


In acquisition, as was the case for Experiment I, the four variants of 
list 1 and the groups defined by number of lists learned and by reten- 
tion-task sequence did not differ in mean trials to criterion (Fs < 1). 
In contrast to Experiment 1, the interaction of list variants and reten- 
tion-task sequence was nonsignificant (F « 1), and all other inter- 
actions fell far short of significance (ps > .20). The four lists were there- 
fore pooled within each of the four between-group conditions for all 
subsequent analyses. 

For the data on modified free recall, to correct for the uneven num- 
ber of instances of W-R and R-W recall, one W-R or R-W pair as 
appropriate was randomly eliminated from statistical consideration for 
all groups. The same pair, however, was eliminated in all groups. Un- 
like Keppel's results, the effect here for retention-task sequence was 
nonsignificant (Fs « 1) for both lenient scoring (X = 6.37 for recall 
first versus 7.12 for matching first) and stringent scoring (X = 6.25 for 
recall first versus 5.44 for matching first). 

In fact, all main effects and interactions produced Fs < 1 except for 
the main effect of number of lists learned [F(1, 28) = 4.60, p < 05, 
for stringent scoring, versus 3.36, p « .10, for lenient scoring]. Un- 
learning of context-item associations for the transfer group relative to 
the single-list group was present therefore, in both analyses, with 
respective means (N — 16) of 4.19 and 6.87 for stringent scores and 
of 5.87 and 7.62 for lenient scores. Also, contrary to the analyses of 
lenient scores in Experiment I, there was no statistical tendency sup- 
porting reinstatement of item availability during a prior matching task 
for the nonspecific-transfer group, although the absolute difference 
was in the expected direction. Unlike Experiment I, direction of recall 
was not significant under either type of scoring procedure. — 

Analyses of the data on associative matching for the 15 pairs indi- 
cated that the retention-task sequence again did not affect correct 
matching scores (F < 1), a result also inconsistent with Keppel's 
(1966). The means were 9.06 for recall first versus 8.37 for matching 
first, Product-moment correlations between errors in the recall task 
and correct scores in the subsequent matching task were not computed 
because of the extremely low incidence of incorrect pairings during 
recall, despite the instructions to guess when uncertain. The transfer 
group experienced significant unlearning of specific list 1 Ew - 
relative to the single-list group [X= 1.00. versus 1044, F(1,28) — 
9.92, p < .005]. The interaction of number of lists learned reten- 
tion-task sequence was nonsignificant [F (1, 98) = L18 p > 23]. 
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EXPERIMENT III 


Experiment Ill involved the discrete-trial bidirectional procedure 
used by Kanak and Curtis (1970) and the same materials as in Experi- 
ments I and II above. The overall experimental design involved a 4 
(list variants) X 2 (number of lists leamed) X 2 (retention-task 
sequence) X 2 (direction of recall) factorial, with the latter factor 
being a repeated measure. 


Method 


—Subjects—The 64 subjects came from the same source and were selected 
in the same manner as in Experiments I and II. None had been in any other 
verbal-learning experiments. 


— Procedure—For half of the subjects in each cell, the recall task involved 
the recall of the 15 R items to the 15 W items listed on a sheet of paper, 
followed then by recall of W items to R items. For the other subjects, it was 
the counterbalanced, reverse sequence of recall. Otherwise, all procedural 
details were identical to those of Experiment II. 


Results 


For acquisition, the four list variants and the retention-task sequences 
both yielded F « 1 in the trials-to-criterion analysis. In addition, the 
single-list and transfer groups did not differ significantly [F(1,48) = 
3.33, p > .10]. However, the interaction of list variants and number of 
lists learned [F(3, 48) — 3.33] and the interaction of list variants and 
retention-task sequence [F(3,48) — 3.37] were both significant (ps 
< .05). All other interactions yielded F < 1. 

An examination of the product-moment correlation coefficients be- 
tween trials to criterion and recall scores for the single-list and transfer 
groups, computed for the same reasons as in Experiment I, indicated 
only one significant correlation coefficient [r(6) = +.72, p < 05] 
among the eight cells of the interaction of variants and number of lists 
learned. This relationship involved one of the single-list cells. The 
correlations for the same cells between trials to criterion and matching- 
task scores resulted in two significant coefficients [r(6) = —.70 and 
+.76, p <.05], one each in the single-list transfer groups but both 
involving the same list variant as the one significant correlation in the 

recall data. The possible implications of these positive correlations in- 
volving this particular list variant must therefore be considered in the 
interpretations of the recall- and matching-task data, but the degree of 
learning in the remaining three list variants does not represent a poten- 
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tial source of confounding to the interpretation of the results in the 
single-list versus transfer group comparisons. 

The same list variant produced one significant correlation (r = 
+.66) between trials to criterion and recall when the matching task 
came first, and two significant correlations (rs = +.70 and +.78) on 
the matching data, one for each task sequence. Hence, these correla- 
tions must also be considered in interpreting the data on retention-task 
sequence, but the remaining seven and eight cells for the recall- and 
matching-task data, respectively, are not called into question with 
respect to the degree-of-learning problem. 

Under stringent scoring of modified free recall, not only was the main 
effect for list variants nonsignificant (F < 1) but list variants did not 
interact with either number of lists learned or retention-task sequence 
(Fs <1). In addition, none of the second-order interactions, or the 
third-order interaction, involving these factors approached significance. 
Comparable results were obtained for lenient scoring. Apparently, the 
positive correlations cited above in the trials-to-criterion analysis are 
not indicative therefore of any causal relationship between degree of 
learning and recall scores. The interpretation of the recall results for 
both stringent and lenient scoring with regard to the number of lists 
learned and retention-task sequence variables does not therefore appear 
to require qualification. 

The main effect for retention-task sequence under lenient scoring 
yielded F(1, 48) = 182, p > 10, and F < 1 under stringent scoring. 
The means for lenient scoring were 16.25 for recall first and 18.22 for 
matching first, compared to 14.28 and 15.19 for stringent scoring. The 
second- and third-order interactions involving retention-task sequence 
for both lenient and stringent scoring typically yielded Fs < 1, with 
one exception in each case but with only p > -10. Clearly then, modi- 
fied free recall after associative matching was not notably inflated under 
any circumstances. 

The nonspecific-transfer group recalled fewer items under both 
lenient and stringent scoring [F(1,48) = 11.62 and 7.22, ps < .005 
and .025 respectively]. The single-list and transfer group means, T 
spectively, were 19.72 and 14.75 for lenient scoring and pee 
12.12 for stringent scoring. In both analyses, these effects were inde- 
pendent of any interaction with retention-task sequence OF direction 
of recall (W-R versus R-W), all Fs < 1. Recall in the WR direction 

ior to R-W recall under both lenient and strin- 
gent scoring [F(1 48) = 2834 and 23.31 respectively, both ps < 
£ direction of recall with number of lists learned 
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was—it should further be noted—also nonsignificant (F < 1). 

For associative matching, retention-task sequence did not affect the 
subjects’ ability to correctly match items [F(1, 48 = 1.77, p > .10; 
X = 9.31 for recall first versus 10.66 for matching first]. The subjects 
in the transfer group, however, again matched significantly fewer pairs 
than those in the single-list group [X = 8.90 versus 11.10, F(1, 48) 
= 4.94, p < .05]. The main effect for list variants and all interaction 
effects yielded F < 1. 

The correlations between errors on the recall task and correct scores 
on the subsequent matching task were also investigated. The mean 
number of errors on the recall task did not differ for the single-list 
and transfer groups [t(62) = .50,p > .20]. Hence, the correlations 
may be viewed as unaffected by differential error rates between the 
conditions. The product-moment r was —.64 for the single-list group 
and —.23 (df 30) for the transfer group (p < .005 and > .05). In 
agreement with the findings of Kanak and Curtis, therefore, the match- 
ing-task scores for the single-list group may have been adversely 
affected by prior recall-task errors. However, the lack of a similar, 
significant adverse effect for the transfer group implies that the present 
estimate of the retroactive inhibition of specific associations is con- 
servative. 


DISCUSSION 


The results of the three experiments provided little evidence that 
the scores on associative matching were adversely affected by prior 
performance on any of the three modified free-recall tasks. Although 
Keppel (1966) reported such an effect with the mixed-list nondiscrete- 
trial recall procedure, the data from all three present experiments were 
consistent in demonstrating no differences in matching-task scores as 
a function of whether the matching followed or preceded the recall, 
for either the single-list or the nonspecific-transfer groups. 

The correlations between recall-task errors and correct scores on the 
subsequent matching task could not be computed in Experiment II, 
which involved Keppel’s recall procedure. In Experiments I and III 
the comparable correlations, when significant, were negative and were 
confined to the single-list group, which indicates, as Kanak and Curtis 
(1970) have suggested, that estimates of retroactive inhibition of 
specific associations for the nonspecific-transfer condition are likely 
to be conservative estimates relative to the single-list, control, con- 
dition, both under the unmixed-list unidirectional procedure and under 
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the discrete-trial bidirectional recall procedure. 

The failure to replicate Keppel's results in Experiment II has no 
apparent explanation, but the outcome of Experiments I and IH 
suggests that in any event Keppel's results may have little generaliza- 
bility to recall procedures other than the mixed-list nondiscrete-trial 
technique. The present experiments reinforce the view that any con- 
founding of matching-task scores by a prior recall task is likely to be 
limited to the single-list condition, and that as a consequence, esti- 
mates of the degree of retroactive inhibition in transfer paradigms 
are likely to be conservative. 

Although Keppel also reported that the scores of modified free recall 
under lenient scoring were inflated after performance on a matching 
task, a direct attempt to replicate this effect in Experiment II was not 
successful—under either lenient or stringent scoring. In addition, this 
effect was not found for either type of scoring procedure in Experiment 
Il, which used discrete-trial bidirectional recall, or under stringent 
scoring in Experiment I, which used unmixed-list unidirectional recall. 
Under lenient scoring in Experiment I, a statistical trend in support 
of this effect was observed, but it is important to note that the trend 
was confined to the transfer condition, where the prior matching task 
apparently reinstated the availability for recall of items that had been 
weakened through the competition between context-item associations 
of lists 1 and 2. Apparently the procedures of Experiments II and IH, 
which required recall of both types of items (W and R items), intro- 
duced enough more difficulty than the procedure of Experiment I that 
subjects benefited little from prior observation of the to-be-recalled 
items. 

Again, the discrepancy in Experiment II from Keppel's results, 
combined with the null effects of Experiments I and III for the single- 
list condition, suggests that the ‘inflated-recall effect which Keppel 
teported after associative matching has limited generality across recall 
procedures. The presence of such an effect, although admittedly weak, 
in Experiment I for the transfer condition indicates that giving the 
matching task first and employing unidirectional recall may be useful 
in the study of the reinstatement of the availability of unlearned’ items 
in other retroactive-inhibition paradigms, both for verbal-discrimina- 
tion and for paired-associate learning. f ; 

Prior evidence (Kanak and Curtis, 1970) on the unlearning o 
context-item associations in the nonspecific-transfer condition (relative 
to the single-list condition) was strengthened by all three je aed 
This unlearning effect was statistically significant for both lenient an 
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stringent scoring in all analyses except for lenient scoring in Experi- 
ment II, where the difference still yielded a substantial trend. Although 
the present experiments did not employ a control condition for normal 
forgetting over time, Kanak and Curtis demonstrated no differences 
between an immediate-recall control group and the normal-forgetting 
control Recall in the W-R direction was superior to R-W recall in 
Experiments I and III, but there was no difference in Experiment II. 
The latter results may be attributable to the mixed-list nature of the 
recall task or to a reliability-related effect, in that fewer W and R 
items were recalled by a given subject than in the other recall pro- 
cedures. More importantly, however, context-item unlearning oc- 
curred for both types of items in each experiment. 

Experiments II and III also confirmed the previously reported 
(Kanak and Curtis, 1970) unlearning of specific list 1 associations in 
the transfer condition, Although Experiment I failed to find this effect, 
the absolute difference was in the expected direction. As Kanak and 
Curtis and others have suggested, the phenomenon of unlearning 
of specific associations represents an interesting theoretical problem, 
since no task-specific mechanism appears responsible. It is conceivable, 
however, that the similarity of contextual cues at the time of matching- 
task performance to contextual cues at the time of original learning may 
serve to produce a functional competition mechanism in the matching 
task itself. 


Notes 


Dr. Cole is now at the Department of Psychology, Arkansas Polytechnic 
College, Russellville, Arkansas. Received for publication September 7, 1971. 
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TEMPORAL DATING AND 
SINGLE-TRIAL FREE RECALL 


C. James Goodwin and Darryl Bruce 
Florida State University 


The temporal dating (knowledge of an item's position in a list) of subjects 
who had been told they would be tested by free recall was then assessed by 
a reconstruction task, after they had received either one list or six. Other 
subjects were tested by free recall after the same amounts of practice. Free 
recall showed a drop in primacy with practice whereas reconstruction did 
not, which suggests that temporal ta r se may be relatively unimportant 


as retrieval cues for the recall of early list members. 


For present purposes, ‘temporal dating’ will refer to a subjects 
knowledge of an item's position within a list of items. Recently, this 
feature of memory has begun to attract increasing attention (Peterson, 
1967; Tulving and Madigan, 1970; Underwood, 1969). Nevertheless, 
research on the topic has been relatively sparse, and Tulving and Madi- 
gan have pointed to the need for systematic study of temporal dating, 
especially its relations with other aspects of memory. The question in 
the present study was whether or not temporal knowledge has any 


1969). For reasons to be indicated presently, the emphasis in t 
present study was on the reduced primacy effect. The specific question 
was whether or not a similar change would occur if subjects expecting 
free recall were asked instead for knowledge of the order of presenta- 
tion at tages of practice. 

The aba to m temporal dating was reconstruction. There 
were a number of reasons this procedure was chosen. First, recon- 
structing the original order of a list can be thought of as qeu 
making a series of recency judgments on pairs of m € a " 
(Tulving and Madigan, 1970). Hence it can be argued, at least ane - 
ly, that temporal judgments are a fundamental part of a reconstruction 
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task. Second, the method is a very practicable one. Third, it has been 
reported (Underwood, 1969) that standard serial-position effects are 
obtained with this procedure—a necessity, of course, if one is interested 
in changes in such effects with practice. However, one particularly 
strong assumption in the present use of this method must be noted, 
namely, that reconstruction assesses the same temporal information 
that might be used in recall. At this time, there appear to be no firm 
empirical grounds to support (or deny) this assumption. 

The main data of interest were serial-position curves. Curves for 
reconstruction indicating the same reduction in primacy that occurs 
with practice in single-trial free recall could be interpreted to mean 
that temporal tags are at least partly responsible for the recall of early 
items of a list. More generally, this might imply that the temporal date 
of an item can be an important retrieval cue (Tulving, 1968; Tulving 
and Patterson, 1969). Of course, the absence of any decline in recon- 
struction primacy with practice could imply just the opposite, namely, 
that temporal information is not very functional in free recall, at least 
for initial list members. 


METHOD 


—Materials and equipment—The items for each list were single- or double- 
syllable concrete nouns taken from the tables of Kučera and Francis (1967). 
The median frequency of the words selected was 39 per million. Responses 
to each test were written on a separate page in a booklet. A slide projector 
controlled by timer was used to present the lists. 


—Procedure and experimental design—All subjects read the same instruc- 
tions from qoem sheets. They were told to t a series of lists of 
words and that after each list they would be required to perform one of two 
tasks, free recall or reconstruction. They were to be told before presentation 
of each list which test would be administered. The time allowed for the 
free-recall task was 45 sec; the reconstruction task was unpaced and gen- 
erally took between 60 and 90 sec. Presentation rate was one word 15 
sec. All ponp received two four-item sample lists, the first tested Ey red 
recall and the second, by reconstruction. 
The two independent variables of interest were degree of practice— 
subjects were either naive (N) or practiced (P)—and the type of test 
iven after the final list—free recall (FR) or reconstruction (R). Both were 
tween-subject variables and were combined factorially to yield four main 
conditions: NFR, PFR, NR, and PR. The N subjects were given one list, 
while the P subjects were given six. The final list given to each subject, 
either list 1 or list 6, was the one of major concern (the critical list). 
The free-recall test, of course, involved recalling the list members in any 
order. In the reconstruction task, subjects were re-presented the list in a 
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scrambled order in their response booklets and asked to rewrite it in its 
original order of presentation. Inadvertently, only one randomized test order 
was used for all critical lists. However, there was no reason to suspect that 
this randomization was liar in any way. Moreover, a different random- 
ization was used for all noncritical lists tested by the reconstruction pro- 
cedure, yet the serial-position curves based on the two randomizations were 
virtually identical. In short, this restriction on the ordering of the reconstruc- 
tion-test items would not seem to place any severe limit on the generality of 
the results to be reported. 

Members of group NFR were given one free-recall list. The subjects in 
condition NR were given a ‘misinstructed’ reconstruction test. That is, before 
list presentation these subjects were instructed that they were to be tested 
by free recall, but after presentation, they were told to turn to the final pago 
in their booklets and to complete the reconstruction test found there. 
was done so that the critical list would be processed in the same manner for 
both NFR and NR groups. 

Condition PFR was divided into two subgroups. S PFR-1 received 
six free-recall lists. Subgroup PFR-2 received two free- lists, one recon- 
struction list preceded by correct instructions, and then three free-recall lists. 
Condition PR also contained two subgroups. Subgroup PR-l received five 
free-recall lists followed by one misinstructed reconstruction list. Subgroup 
PR-2 received two free-recall lists, one reconstruction list preceded by correct 
instructions, two more free-recall lists, and finally a misinstructed recon- 
struction list. In view of the initial instructions that both free-recall and 
reconstruction tests would be used, these subdivisions of the P poete 
groups seemed advisable, since they permitted a determination of whether 
any peculiarities in performance occurred from the use of an uninterrupted 
sequence of free-recall lists prior to the critical list. k 

One set of six 12-item lists was used for all four conditions. In the N 
(naive) groups, each list was used equally often, and in the P groups, each 
occurred equally often at each position in the sequence of six lists. 

For the R (reconstruction) groups, there was a lag of about 8 sec from 

the end of the critical-list presentation until the time the subjects had 
received the new instructions (the change from free recall to reconstruction) 
and had turned to the last page of their booklets. Consequently, an equivalent 
delay followed the critical list for subjects in the FR (free-recall) groups. This 
was accomplished by telling them to turn to the final page of their ts to 
recall. The instruction was of equivalent length and duration as the — 
tion to the R groups. Since such a delay seemed likely to eliminate 
recency effect of free recall, the focus of the present study was on differen- 
tial primacy effects as a function of practice. 
—Subjects—The subjects were 144 male and female students at Florida 
State University who served in fulfillment of a requirement of the ore in 
introductory psychology. There were 36 subjects per condition and i in 
each PFR and PR subgroup. Up to three subjects were tested at a tme. 
Their assignment to a particular condition was derived from a sch Be 
drawn up from a table of random numbers. A complete cycle through all the 
conditions did not necessarily occur before the next cycle. began, although 
the schedule did not depart too radically from this restriction. 
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RESULTS 


Responses on the free-recall tests were scored correct even if mis- 
spelled or pluralized. For the reconstruction tests, subjects were given 
credit for a correct response if the output position of the particular 
item in question did not differ from its input position by more than 
one (see Zimmerman and Underwood, 1968). To analyze differences 
in serial-position curves, ‘macrosubjects’ were formed. In general, this 
was accomplished by summing over the subjects in each condition who 
were tested on the same critical list. Analyses were actually carried 
out on proportions to which the arcsin transformation had been applied. 
For descriptive purposes only, the serial-position curves to be presented 
have been smoothed somewhat by plotting a moving average con- 
sisting of each serial position as well as the two serial positions on 
either side of it. The first and twelfth positions were weighted by a 
factor of two and averaged with the second and eleventh positions 
respectively. 

To begin with, it was found that there were no reliable differences 
between the serial-position curves on the critical lists for either PFR-1 
and PFR-2 [F(1, 10) < 1] or PR-I and PR-2 [F(1, 10) < 1]. On the 
basis of these analyses, the subgroups were combined to form the main 
groups PFR and PR for further analysis. 


Primacy/recency shift for noncritical lists 


Figure 1 indicates the effect of practice on the serial-position curve 
for single-trial free recall. Data from list 1 of groups PFR and PR were 
combined to form one curve, and data from list 5 of these groups were 
combined to form the other. This seemed reasonable in view of the 
absence of any significant differences between PFR and PR [F(1, 10) 
« 1] and any significant interaction involving this factor, For list 1 
there was a pronounced primacy effect but little recency. By list 5, 
however, the primacy effect had dropped considerably and the recency 
effect had become greatly elevated. This shift was reflected in a sig- 
nificant interaction of lists and serial position [F(11, 110) = 3.58, p 
< 01]. 


Performance on critical lists 


The left panel of Figure 2 demonstrates the effect of practice on the 
serialposition curves for the critical lists of the FR (free-recall) 
groups. The primacy portions of these curves resemble those in Figure 
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Fig. 1. Proportion correct as a function of serial position for the PFR and PR 
conditions combined on list 1 and on list 5 


1; that is, there was again a marked drop in primacy with practice. 
Analysis of variance confirmed the substance of the difference between 
the two FR groups both for the entire list [F (1, 10) = 19.94, p < .01] 
and for serial positions 1-6 [F (1,10) = 16.90, p< .01]. However, 
there was no reliable difference between the groups for positions 7-12 
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[F(1,10) < 1]. This latter fact undoubtedly reflects the delay in 
testing the critical list, for it is well known that delaying free recall 
reduces the recency effect (Postman and Phillips, 1965). 

The effect of practice on subjects performing on the critical list for 
the R (reconstruction) conditions is shown in the right panel of Fig- 
ure 2, In order to compare the data described in the two panels of 
Figure 2, the same three analyses done for the FR groups were also 
done for the R groups. There was no reliable effect due to stage of 
practice for serial positions 1-12 [F (1,10) « 1], positions 1-6 [F 
1,10) < 1], or positions 7-12 [F(1,10) = 1.64, p > .05]. Further 
analysis showed that the reduction with practice in the primacy effect 
at positions 1-2 was not statistically significant either [F(1,10) = 
1.68, p > .05]. Also, the apparent interaction of groups and serial posi- 
tion was not reliable [F(11, 110) = 1.34, p > .05]. 

A direct statistical comparison of FR and R conditions for the entire 
list was not considered feasible because of the large amount of subject 
variance for reconstruction relative to free recall. However, a com- 
parison was made over serial positions 1-6, where the variance dif- 
ference between the two tasks was not as great. The interaction be- 
tween type of task and stage of practice, however, was not significant 
[F(1, 20) « 1]. 


DISCUSSION 


The result of major interest is the discrepancy between the effect of 
practice on recall (left panel, Figure 2) and on reconstruction (right 
panel, Figure 2). While the primacy effect in free recall was clearly 
diminished with practice, there appeared to be no such well-defined 
change in reconstruction. 

Given that subjects in the reconstruction groups were processing 
the critical list as they would for free recall, then it seems that the 
temporal knowledge assessed by reconstruction was not a very promi- 
nent cue for the recall of early list members. For if so, then practiced 
subjects expecting a free-recall test on list 6 but asked for reconstruc- 
tion instead might have been expected to have shown a drop in primacy 
similar to that shown by practiced subjects expecting and ultimately 
tested by free recall. Thus, the tentative suggestion is that temporal 
tags may be of relatively minor value as retrieval cues for recall of 
initially presented items—and that changes in the way in which tem- 
poral tags are stored and used may not be the principal cause of shifts 
in the recall-primacy effect as subjects acquire more practice. 
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Other interpretations of the data, of course, might be entertained. 
Consider first the fact that temporal information clearly seems available 
in both free recall and reconstruction. This is indicated both by the 
present results and by those of Underwood (1969) and Zimmerman 
and Underwood (1968). Now, it may be that this information is more 
accessible under reconstruction. In other words, perhaps in reconstruc- 
tion the threshold for temporal tags is lower than in free recall. If so, 
then the fact that recall primacy significantly declined with practice 
whereas reconstruction primacy did not is just what would have been 
expected. 

Alternatively, it could be that a reconstruction test is not an adequate 
measure of the type of temporal knowledge that subjects might use 
in the recall of initially presented items. That is, the temporal informa- 
tion used in the two tasks may be different in some way. Perhaps, then, 
serial recall would be a better procedure for assessing the functional 
value of temporal cues in free recall, the assumption being that the 
temporal information used in this task approximates that used in free 
recall more closely than do the time tags mediating reconstruction. Or 
finally, it could be that the large amount of subject variance in recon- 
struction simply masked any significant decrement in primacy that may 
occur with practice on this task. 

In sum, the observations reported in this paper might well be con- 
sidered susceptible to more than a single interpretation. But certainly 
one of them, and the one preferred here, is that the results are not 
particularly consistent with a point of view which stresses the efficacy 
of temporal tags as cues for the retrieval of early list members during 


free recall. 


Notes 


i i ida State 
This paper is based on a thesis submitted by the first author to Florida 
University in partial fulfillment of the requirements for Eo m i d 
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Julian Hochberg 
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Explanation in the Behavioural Sciences 


Edited by Robert Borger and Frank Cioffi. New York: Cambridge University 
Press, 1970. Pp. xxi, 520. $15.00. 


The book consists of 12 invited papers on a variety of topics related to 
explanation in psychology, sociology, and anthropology: reasons versus causes 
as explanations (Toulmin), the explanation of purposive behavior (C. 
Taylor), the brain as a physical system (Sutherland), the uselessness of 
conditioning as an explanation (Hamlyn), rationality as a universal explana- 
tion of behavior (Watkins), cultural relativity and problems of explanation 
in sociology (Jarvie), individual behavior and the emergence of group prop- 
erties (Wisdom), the relevance of psychology to the explanation o! social 
phenomena (Homans), the Skinnerian analysis of behavior (Boakes and 
Halliday), explanation and the concept of personality (Eysenck), problems 
of explanation in linguistics (Chomsky), Freudian theory as pseudoscience 
(Cioffi). However, Es format is novel in that following each essay is a 
critical commentary (the commentators are R. S. Peters, R. Borger, J. H. 
Grundy, A. J. Watson, A. Donagan, P. Winch, R. Brown, P. Blau, K. Prib- 
ram, D. Bannister, M. Black, and B. A. Farrell), followed in turn bya 
rebuttal. 

The idea of a dialogue has, of course, a long philosophical tradition, but 
the device is less common in collections of scientific papers. It is helpful here: 
the papers are probably clearer than they would have been without the 
threat of adverse comment (although this is hard to judge); the commen- 
tators’ occasional failures to understand an author’s argument make it easier 
for the reader to distinguish deficiencies in himself from defects in what he is 
reading; and many commentators provide a useful summary of the essential 
points in the subject of their commentary. 

I will confine my comments to three broad issues that emerge from a 
reading of this collection: the transformational approach to understanding 
linguistic behavior, represented by Noam Chomsky and, commenting on his 
paper, by Max Black; the notions of rationality and reinforcement, repre- 
sented by the papers and comments of Watkins, Toulmin, Donagan, Taylor, 
Borger, Boakes and Halliday, and Pribram; and the problem of reductionism, 
represented by Sutherland, Grundy, Wisdom, Brown, Homans, and Blau. 

Chomsky’s essay displays his usual polemical talents, laced with exaggera- 
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tion (“behaviorist approaches to language and mind are grounded in a faith 
in the shallowness of explanations, a belief that the mind must be simpler 
in its structure than any known physical organ"; p. 426), with linguistic 
insight, and with obscure scholarship (Chomsky's familiarity with the works 
of the Russian poet V. Shklovskij is unlikely to be shared by many of his 
readers). It is also laced with a rather broad unawareness of much of the 
behavioristic tradition: according to Chomsky, "the most serious defect of 
classical philosophy of mind, both rationalist and empiricist, seems to me its 
unquestioned assumption that the properties and content of the mind are 
accessible to introspection; it is surprising to see how rarely this assumption 
has been challenged" (p. 426). Surprising to Chomsky perhaps, but not to 
readers of Watson, Freud, and their intellectual descendants. 

Eminence is entitled to its eccentricities, and Chomsky's scholarly defects 
at least have the merit of enlivening his writings. Nevertheless, it is a little 
startling to see accusations about simpleness of mind directed solely at 
behaviorists, since no matter how guilty they may be (and who doesn't have 
a favorite behavioristic Aunt Sally?), very similar views are shared by others 
who cannot easily be tarred with the behavioristic brush. Herbert Simon, 
for example, has frequently ex] ressed his belief that the complexity of human 
behavior reflects not the mcr 5s of mind but the complexity of the human 
environment. The picture of Skinner and Simon on one side, as advocates of 
the essential simplicity of man, arrayed against Chomsky on the other, as 
advocate of his complexity, is likely to offend all three. 

Polemics aside, Chomsky’s paper and Max Black's comments on it raise a 
number of fundamental questions about the transformational approach to 
understanding linguistic behavior. The central problem, often remarked, is 
the distinction between grammatical and other (semantic, phonological) 
determinants of verbal behavior. The notion of ‘grammaticalness’ can be 
considered as an instance of the old problem of universals: what is the 
‘essence’ of a dog, a table, a triangle, or a grammatical sentence? In most 
cases we can recognize instances of each, but grave difficulties are encoun- 
tered when an attempt is made to set down a general definition that cor- 
responds to our judgments. Judgments of 'grammaticalness' are perhaps more 
difficult to make—there are more borderline cases, and dependence on 
context is greater—than in the case of the other universals just mentioned. 

Moreover, in many of the more familiar cases, some general definitions can 
be given of a functional (‘flat surface raised above the ground on which 
objects may be pad geometrical (‘three-sided figure’), or biological 
(species) kind, definitions that are tolerably successful. Presumably the 
search for a transformational grammar for English (or more ambitiously, for 
a ‘universal’ grammar) resembles the geometrical case: with the “dea, intu- 
itively given, of a set of entities (triangles, grammatical sentences), the task 
is to find the set of formal rules that allows us uniquely to generate those 
entities. In the case of triangles, ‘three-sided figures’ (with appropriate quali- 
fiers) does the job, and the existence of this definition validates the concept. A 
transformational grammar for English is yet to be found, so that the use- 
fulness of this idea is yet to be demonstrated. 

Chomsky’s self-imposed task is often considered (and he himself appears 
to consider it) as a scientific one: to explain one aspect of linguistic behavior. 


v 


d 
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(I accept Blacks comment that much of Chomsky's emphasis on 'mind,' 


‘rationalism,’ and so on, is pour épater les empiristes, so I don't feel I am 


doing him an injustice by eu m language.) Judged in these terms, 
there are serious questions to be raised about his approach. As Black points 
out, natural speech does not put one in mind of a precise mechanism, operat- 
ing according to a limited set of axiomatic rules. There are slips of the 
tongue, inconsistent grammatical errors (for example, the use of different 
grammatical forms in different social contexts), hesitations, memory lapses, 
and so on. To avoid these obvious difficulties, the distinction between linguis- 
tic competence (what the speaker knows about grammar) and linguistic 
performance (what he says) has become generally accepted amon psycho- 
linguists. This is a familiar kind of distinction: it resembles the p ological 
dichotomy between ‘earning’ and ‘performance,’ and the bio! Ace one 
between ‘genotype’ and ‘phenotype.’ In each case, it is possible (al though I 
believe this to be an error) to think of the dichotomy as one between an 
underlying reality and an external manifestation that is an imperfect copy 
of that reality; this is Plato’s parable of the cave. 

Consider first the genotype/phenotype distinction, the best understood 
of the three. In what sense is the phenotype a more or less perfect ‘reflection’ 


incorporated into the structure of the developing organism. Yet everyone, 
save professional biologists and others who have devoted considerable 
thought to the matter, acts as if this were not true: obviously, the shrunken, 
deformed phenotype that has developed under conditions of nutritional 
deficiency is less normal (grammatical?) than the symmetrical, well-formed 
phenotype that is the product of healthy rearing conditions. We are all 
Platonists at heart, and it is only with considerable effort that this tendency 
can be overcome, even when the generative mechanism is quite well under- 
stood. This tendency is probably one source of the confusion that continues 
to surround the issue of the genetic determination of IQ. When, as in the 
case of language, the generative process is not understood, the difficulties 
in seeing beyond simple characterizations like ‘grammatical versus non- 
grammatical or *meaningful versus ‘nonsensical, the difficulties of seeing 
beyond them to the nature of the underlying mechanism (or mechanisms)— 
and thus to the relationship between it and the stream of speech as it is 
observed in vivo—are immensely magnified. k 

As I have pointed out elsewhere, these strictures are not restricted to 
the genotype/phenotype distinction; there are many reasons to suppose that 
the relationship between behavior (‘performance ) and its underlying genera- 
tive mechanisms (‘mechanisms of behavioral variation’) is every bit as com- 
plex and epigenetic. Hence it is not obvious that an insistence on the a 
priori validity of categories, such as syntactic or semantic, is likely to be 
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helpful in unraveling the mechanisms of linguistic behavior. If geneticists 
and embryologists had restricted their attention to ‘normal’ organisms, 
genetics would have been greatly retarded. Claude Bernard has rightly re- 
marked that the exceptions are as important as the normal: the same laws 
must apply to all. So Chomsky's predilection for studying what the speaker 
knows about what he says, rather than what he says, must be regarded with 
suspicion—at least if the aim is to understand human behavior. 

To what extent is it permissible for the theorist to demarcate his subject 
matter before he explains it? Just because people are capable, albeit im- 
perfectly, of distinguishing between grammatical and nongrammatical 
sentences, independently of meaning, context, and so on, is not to say that 
the distinction has any special validity at the level of the generating mech- 
anisms. We can recognize triangles as opposed to other objects, independently 
of their color, size, location, and so on; yet few would maintain that this 
implies the existence of some Platonic triangle-recognizing system that can 
be studied independently of the process of space and pattern recognition as 
a whole. Explanations are where you find them, and there is little in the 
history of science (especially biological science) to support the idea that 
the theoretical endeavor is aided by the kind of a priori dichotomies current 
in psycholinguistics. Hence, the distinction between competence and per- 
formance may be quite spurious when it is used artificially to limit the 
domain of theories about language. It is true that people know more than 
they say; but it is questionable whether what they know can be studied 
independently of what they say, or whether either can be explained in- 
dependently of the other. 

Perhaps the key to the paradox presented by Chomsky’s ideas is that his 
aim is not really a scientific one. Certainly he is not sympathetic to an 
evolutionary, hence a biological, epistemology, even though his subject 
matter is biological. For example, he disagrees with Lorenz’s contention that 
evolution by natural selection has any implications for the Kantian frame- 
work within which Lorenz would place the findings of comparative ethology. 
This is natural since, as Mayr has often pointed out, a Platonic, ‘essentialist’ 
metaphysic is antithetical to the idea of evolution. 

Chomsky does not have a firm grasp of the epigenetic nature of behavioral 
development, as indicated by his confident use of the term ‘innate.’ To 
elaborate on what ‘innate’ might mean when applied to language universals 
(if such there be) would take us well beyond the confines of a review. At 
the very least, the term requires more defense than Chomsky chooses to 
muster. 

My conclusion is that Chomsky's approach represents a fusion of two 
distinct elements. The first may, with only slight exaggeration, be termed 
Pythagorean: his evident conviction that language, at least in its grammatical 
aspects, is fundamentally mathematical This conviction, directed toward 
physical nature, animated many of the founders of modern science, but it 
has been much less successful in biology. The second element may be termed 
Boolean, after George Boole, the nineteenth-century English mathematician 
who discovered mathematical logic but thought he had found the Laws of 
Thought. Like Boole, Chomsky seeks to formalize an aspect of human 
behavior, defined a priori; unlike Boole, he has not yet succeeded. But, like 
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Boole, it may be that even if he succeeds, his achievement will be regarded 
as a mathematical rather than a psychological one. People and animals are 
sometimes logical and sometimes illogical, and people are sometimes gram- 
matical and sometimes not; but no matter how much we learn about either 
logic or grammar, it is likely that the problem of understanding human 
behavior—rational and irrational, grammatical and ungrammatical—will 
remain. 

The persistent attempt to understand human behavior in terms of the 
idea of rationality has many similarities to Chomsky's attempt to mathematize 
syntax. It differs, however, in that to explain behavior in terms of objectives 
and rational means to attain them is to espouse (in most cases) a teleological 
rather than a mechanistic form of explanation. A generative grammar allows 
us to produce language, but a rationalistic explanation of an action is post 
hoc; it tells us why someone did something, but not the means whereby he 
arrived at his decision. 

Thus, Watkins describes Hough's ingenious explanation of the apparently 
bizarre behavior of the respected nineteenth-century British admiral, Tryon, 
who apparently ordered the ships of his fleet to collide with one another, 
which they duly did, killing him in the process. Hough explains this incident 
by means of a set of plausible motives and actions derived from them. Yet 
these motives—to turn the fleet, to keep his officers on their toes—did not 
require the daring and, as it tumed out, ambiguous series of orders that 
Admiral Tryon gave. To infer from his motives the particular actions that 
he took requires more than a knowledge of the motives; it ka pri a knowl- 
edge of Tryon. And indeed this reconstruction was first arrived at by a friend 
of Tryon's. s 

To take another example: a man may wish to exercise for the sake of his 
health; however, his choice of swimming over golf, tennis, or some other 
sport may not be explicable in this way, since all may be equally satisfactory 
solutions to the health problem. There are two kinds of solution that can be 
offered here. One is to preserve the ‘rationality principle’ by postulating 
additional motives—a preference for noncompetitive versus competitive 
sports, for example. The other, which I would favor, is to recognize that 
whether or not a man’s behavior can be understood in terms of his aims, 
his ability to attain those aims depends on his nature—his resourcefulness, 
the strategies he has Jearned or can devise, and so on. If these restrictions 
are not understood, both apparent irrationality (such as Admiral Pian 
puzzling actions) and compulsions (such as overeating) strain the notion o 
rationality as a general explanation. 4 ; 

This alternative is similar, but not identical, to Watkins' contention that 
an individual's unsuccessful actions should be explained in the same way as 
his successful ones, that is, in terms of his objectives and rational means to 
obtain them. I agree with this *uniformity principle, but I believe that if t 
is applied broadly, to all behavior, including things like pulson an 
impulsive acts, it will require us to understand the mechanisms underlying 
human action, and not just people’s motives. He 

This latter distinction is difficult to communicate when the complexities 
of human behavior are at issue, but as Wiener was pase the first to point 
Out, it is easier to see in the case of a simple servomechanism. Thus, the 


610 BOOK REVIEWS 


*motive' of a radar guidance system may be said to be to keep its missile on 
target. However, the mechanism by which it attains this objective is the 
whole complex of sensors and feedback loops that tracks the missile, com- 
pares its course with the desired one, and sends out appropriate corrective 
signals. With a knowledge of motive alone, we are able to understand why 
the missile hits the target, even when its course is perturbed; but with a 
knowledge of mechanism, we are in a position to understand both the 
conditions under which it hits the target and those under which it does not. 

AII these arguments apply with little alteration to the concept of reinforce- 
ment, which as it is usually used, is (like motive) teleological. Like the 
guidance system, reinforcers achieve their effects via mechanisms within the 
organism. Like advocates of the rationality principle, thoroughgoing rein- 
forcement theorists are prone to postulate additional reinforcers (motives) if 
the observed behavior does not make sense in terms of the reinforcers that 
are known to be operating. The reductio ad absurdum here is to postulate 
that activities themselves (rather than the opportunity to engage in certain 
activities, which is a more legitimate notion) may be reinforcing. In this way, 
embarrassing findings such as that hungry pigeons continue to peck a light 
even when pecks prevent the delivery of food can be explained: pecking is 
clearly a self-reinforcing behavior under these conditions. A more defensible 
strategy here is to consider a behavior such as pecking and the mechanisms 
that must underly it and to ask what the nature of these mechanisms must 
be that they produce adaptive pecking in one set of situations, no pecking 
at all in others, and maladaptive pecking in still others. This is simply an 
application to the problem of reinforcement of the uniformity principle just 
enunciated. 

It is puzzling that the problem of reductionism is still with us. It appears 
at all levels. In psychology it involves the relationships between physiology 
and behavior—can the properties of behavior be deduced from the properties 
of neurons? In sociology it involves the relationships between individuals 
(and individual psychology) and the group (and group sociology) of which 
they are a part—are there emergent ‘group properties that cannot be re- 
duced to the behavior o£ individuals? The persistence of this issue is puzzling 
because it seems so obviously to be a matter of the stage of development of the 
science in question. For example, we now have a reasonably good under- 
standing of atoms, both as configurations of protons and electrons and as 
elements that can combine with one another in certain ways to form chemical 
compounds. The wave-equation description of intra-atomic structure can, 
at great cost in terms of convenience, be extended to describe the domain 
of chemical compounds. Chemical laws remain more convenient for chemical 
phenomena, but there is no longer any mystery about the epistemological 
relationship between atomic and chemical levels of explanation. 

However, there was a time when the intra-atomic level, represented by 
experiments on X-rays, alpha particles, and so on could not be related to 
the chemical level at all; still earlier, only the chemical level was known. 
It seems clear, therefore, that the problem of reductionism is really a problem 
of incomplete knowledge. One asks whether behavior can possibly be ex- 

lained by interactions between neurons only because no one has yet shown 
ow the two domains are related. Philosophers may object that the problem 
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of consciousness, for example, cannot yield to a reductionistic account, but 
I believe that they underestimate the power of a good explanation to disperse 
(perhaps only after several generations) objections of this sort. Philosophical 
contemporaries of Newton, for example, must have thought his failure to 
deal with the problem of action at a distance a critical flaw in his theory, 
but no one worries about it any more, 

Few mature experimental scientists are preoccupied with the philosophical 
issues discussed in this collection. Most people have either solved these 
problems to their own satisfaction by the time they reach mid-career or, more 
frequently, have decided that excessive concern with issues of this sort is a 
kind of lotus-eating that is inimical to robust mental health and uere 
success alike. However, good science, like good statecraft, is the outcome 
of a proper balance between action and reflection, although, as Edison's 
apothegm reminds us, the balance is usually thought to favor action. On 
the off chance that action is perhaps overrepresented, I welcome this col- 
lection as a stimulus to thought. The major flaw of the book is its lack of 
a subject index, which is particularly important in a collection of this kind; 
a comprehensive index would have done much to help the reader juxtapose 
differing approaches to the same topic by different authors. Also the editing 
is sloppy in places: the protean creation “Rescorla Soloman” (p. 352), for 
example, probably exaggerates the degree of collaboration between Rescorla 
and Solomon in their 1967 paper; Sutherland’s interesting article has no 
references and tantalizes the reader who would like to follow up some of 
his allusions. 


J. E. R. Staddon, Duke University 


Attention: Contemporary Theory and Analysis 


Edited by David I. Mostofsky. New York: Appleton-Century-Crofts, 1970. 
Pp. vii, 447. $12.95. 

The collection of contributed d Attention: Contemporary Theory and 
Analysis gives the impression of being @ hardback issue of a journal devoted 
to the topic of attention. This impression is further strengthened by the pa 
that of the 18 papers included, 8 of them are experimental reports 
original data not published elsewhere. The papers are loosely grouped into 
three sections entitled “Systematic Issues,” “Perceptual and Learning cane 
and “Neuropsychological Issues.” The fact that little attempt has been oe 
to integrate these sections, or the papers within them, is best illustrat x i 
the fact that there are no introductory or summary remarks for the individual 
sections, or for the book as a whole. $ i 

Any collection such as this is bound to be somewhat uneven in qua ia 
There are a few very fine papers in this collection and a few quite weak. 
Among the former is an interesting theoretical contribution by Hochberg, 
in which he advances the novel proposition that selective attention is depen- 
dent on the testing of expectancies about the organization of the incoming 
stimulus array. There is also an excellent analysis of multichannel-processing 
models of perception, by Lindsay. As a methodological discussion, the = 
of the vigilance paradigm in the investigation of attention 1s treated wii 
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some sensitivity by Jerison. There are also a few good reviews. Silverman 
provides a massive if somewhat rambling treatment of a broad gamut of 
issues, while Thompson and Bettinger competently handle the neural and 
electrophysiological data. 

The major difficulty with any such treatment of attention is the lack of 
consistency in the very definition of the word ‘attention.’ Some of the authors 
interpret the concept as arousal, others as responsiveness to specific stimuli 
or as exploratory responses such as the orienting reflex, or even in terms of 
the amount of information input from the external receptors. The problem 
of definition becomes even more pronounced when one considers the inter- 
relationship of attention and complex processes such as learning or per- 
ception. 

It is clearly the case that if an organism learns a discrimination between 
two stimuli that differ along some dimension, we can take this as evidence 
the organism is attending to the stimulus dimension being varied. The 
generalization paradigm used in several of these papers provides less clear 
evidence for the operation of attention. If a abea responds to a new 
stimulus that differs slightly from the stimulus he has been trained on, is 
this evidence he is attending to the stimulus dimension in question and thus 
perceives the similarity between training and test stimuli, or is it evidence 
he is attending insufficiently to this stimulus dimension and thus does not 
detect the difference between test and training stimuli? Even in the simple 
discrimination task, we are on very thin ice when we say that an organism 
must attend to a stimulus in order to respond to it. How do we deal with 
the Soviet interoceptive-conditioning paradigm, where a subject learns a 
conditioned discrimination to stimuli that do not enter conscious awareness, 
such as the nature of liquid in the intestine? Must we say that although he 
is not conscious of these stimuli, he is nonetheless attending to them? 

Such musings lead one to conclude that any definition of attention that 
does not include the subjective experience of the organism is probably 
inadequate. Perhaps it would have been better to attempt an organization 
around a specific definition or viewpoint of attention, or at least to attempt 
some sort of synthesis. Without such a clear definition and orientation, one 
must beware the warning of William James that “Attention may have to 
go, like many a faculty once deemed essential, like many a verbal phantom, 
like many an idol of the tribe. It may be an excrescence on psychology.” 


Stanley Coren, New School for Social Research 


Human Perception 
By R. H. Day. New York: Wiley, 1970. Pp. viii, 193. $4.25. 
The Intelligent Eye 
By R. L. Gregory. New York: McGraw-Hill, 1970. Pp. 191. $2.95. 
Perception: Mechanisms and Models 
Edited by Richard Held and Whitman Richards. San Francisco: W. H. Free- 
man, 1972. Pp. 390. $5.95. 

Three new books designed for use in undergraduate courses in perception 
have recently appeared. The most traditional in content and format is Human 
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Perception by R. H. Day. The positive attributes of this book include Day's 
usually clear writing and an extremely broad scope of coverage. The first 
two chapters deal with sensory transduction, methods of measurement, and 
basic sensory capacities. The ensuing chapters deal with the constancies, 
motion perception, brightness, color, the shoots of learning, and adaptation 
to distorted inputs. 

The best of the chapters are those dealing with the areas in which Day 
himself has done research. These are the sections on constancy (and its 
application to illusions), motion perception, and perceptual modification, 
which are clearly presented albeit theoretically rather one-sided. The most 
unfortunate aspect of. this book is that it attempts to accomplish too much. 
In 183 pages it endeavors not only to cover à of the topics listed above 
but to incorporate data from vision, audition, and the chemical and me- 
chanical senses as well. This results in rapid transitions from topic to topic, 
which makes the reading uncomfortably spasmodic. Frequently the material 
is spread too thin, with only mentions of topic areas rather than discussions. 
The text would have been considerably improved if some breadth had been 
sacrificed for more depth. 

R. L. Gregory's book The Intelligent Eye seems at first glance to be rather 
attractive as a text, because of its numerous illustrations and dichromatic 
stereograms. On closer inspection, however, its appeal is sorely diminished. 
The book is based upon a series of BBC television programs and still bears 
most of the marks of a television special. An initial premise is adopted, 
namely, that perception is basically a judgmental process with a massive 
dose of learned patterns of cue utilization. The book then proceeds to offer 
only the data that support this proposition. 

Some demonstrations are offered, frequently based on the numerous 
stereograms. Many of these stereograms are confusing because of the lack 
of sufficient introductory material. There is also a technical difficulty, because 
the green filter in the stereo spectacles is not well matched to the green ink 
in the stereograms. This leaves the reader with an unavoidable double 
s digressions, some of them interesting but most 


image. There are numerou: D 
of them irrelevant to the task of presenting 3 background for the under- 


standing of visual perception. ‘A discussion of why the pyramids are : 
as they are, or of the Egyptian numerical system, may be entertaining but 
should not be favored over presentation of basic data on visual perception. 
Tm afraid that since the series was designed to maintain the interest of the 


lay television viewer, an orientation that is preserved in the book, this 


volume is better suited to the reader of popular science than to the serious 


student of perception. 

The last book in this triad is 
American that has been edited and introduced by: ) 
and entitled Perception: Mechanisms and Models. Held and Richards have 
carefully selected a rather broad spectrum of important and passus 
articles covering the basic sensory structures, physiological analyzers, illu- 
sions, constancies, basic perceptual organizational processes, development, 
and perceptual plasticity. Most of the articles are well written and relevant 
to the content of contemporary courses in perception. The book is lavishly 
produced with the usual excellent illustrative material that characterizes 


a collection. of readings from Scientific 
R. Held and W. Richards 
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Scientific American articles. There are a number of full color and innumer- 
able bicolor plates, which hold the attention and illustrate major points in 


the > ppu 
e major feature in this collection, however, is the set of introductions 
by editors Held and Richards. These introductions provide a basic orientation 
for the student and rem an integration of the material within each sec- 
tion. Several of the introductions are themselves illustrated, and almost all 
of them are helpful. The selection of articles combined with the introductory 
material make this book a useful accompaniment to most undergraduate 
courses in perception. 
Stanley Coren, Netw School for Social Research 


Behavior of Nonhuman Primates: Modern Research Trends, 
Vols. 3 and 4 


Edited by Allan M. Schrier and Fred Stollnitz. New York: Academic Press, 
1971. Pp. xv, 206; xv, 239. $9.50, $10.00. 


The editors point out that at the completion of the first two volumes in 
1965, no plans to continue the series were at hand. But with the wide accep- 
tance of the initial effort and the dramatic increase in primate research, an 
extension of the series was warranted. The third volume continues in the 
spirit of the first two, authors with ialized interests and expertise 
summarizing the literature to date and bringing in their own recent data 
and communications in the field. 

This particular effort, the third volume, might best be subtitled “Social 
Behavior and Psychophysics.” Chapter 1, by Hinde on the development of 
social behavior, is an excellent up-to-date review of field and laboratory 
literature, with emphasis on his own latest work. Bernstein brings in new 
data in chapter 2 to combine with data already published to t a com- 

n re of activity profiles of six primate taxa. His systematic 
analysis of vior confirms many of my own suspicions from observations 
at zoos: that there are species-specific activity patterns that are distinct, 
indicative of n eva and represent ecological adaptations. 

Chapter 3, by DeValois Mid Jaccbe is a review of the current status of 
primate vision research, and it reveals that the primate eye is very similar to 
the human eye and can function as a model. The final chapter on 
hearing is a good example of why the book was needed. Most of the r 
in the field, except for some classics, has been done since 1965. This chapter 
by Stebbins is particularly strong on methodology and indicates that the 
field is no longer open to well-meaning amateurs. 

All of the authors in the third volume have made significant contributions 
to the contemporary field of primate research. This is another good effort 
for each of them. 

The fourth volume is quite different from the earlier volumes of this 
series. Whereas the first three volumes provided excellent summaries of the 
field and brought together relevant material already available in the litera- 
ture, about half of the fourth volume provides us with new material that was 
relatively unavailable to individuals not ‘on the inside’ of contemporary 
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primate research. Actually, with the exception of chapter 1, this book is 
the study of three chimpanzees (Vicki, Washoe, and Sarah) who received à 


lot of attention and training their years. 
Chapter 1 in this fourth volume Sate aal d m 
dissertation done at the University of Wisconsin. 

gether, in great detail, information on retention of 


li 


with the emphasis on the learnin, The 
of Stollnitz's abili elec den Lern with a great 
deal of material. treatment of the data throws some new light on what 
is going on in the learning-set situation. 

In ter 2, Nissen and Nissen present the data collected on Vicki 
between 1947 and 1954 The data have not been reported in che 
where, even thou; some of the information about this super-chimp was 


i 


known to those like myself, worked at a primate laboratory for 
years and met people who had had contact with the Nissens, This is an 
interesting chapter but would have 

updated and related their findings to contemporary research with children 
and nonhuman primates in the bibliography. As itis, the chapter tity 
have been written in 1954 and the aul finally prodded into getting 


The chapter on two-way communication with Washoe, by the Gardeners, 
goes far beyond the details of the 1969 Science paper It is well written, very 


considerably with his previously pub! ‘material as far as this reviewer 
can tell, but I might be missing something. He ves detailed procedures of 
the successive approximations used to the This is a fine 
demonstration that Skinnerian techniques can work, of a Skinner 
box, with a highly complex organism learning a very complex task rss 
the author tends to ignore the rather non- ulus/response transformations 
that Sarah is capable of I am also not sure of his conclusion 
that, because he had to teach rather than vice versa, language is 


ix al this fourth volume is a book that most primatologists ame Som 
tive psychologists should have on their Ives for reference. I 
parative paho ogi useful already, since there were as many examples py 
a iau animals reported in tis book as have been pate d of 
ingenui m fm the Pajchological Abstracts. Tt also is a demonstration of 
how much we can learn from three animals. 

Robert R. Zimmerman, University of Montana 


Stimulus Properties of Drugs 

Edited by Travis Thompson and Roy Pickens. New York: Appleton-Century- 

Crofts, 1971. Pp. xii, 211. $13.50. iud 
The stated rpose of this book was to “bring together investigam - 

ing in the fei and to review their own and other findings concerning the 
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possible stimulus functions drugs may serve" (p. xi). In actuality, few of 
the chapters do little more than review the work of the authors. (Two chap- 
ters are condensed doctoral dissertations and at least four more are reiterated 
versions of several of the authors' recent papers.) There is spotty coverage 
of the recent English-speaking literature and little-to-no coverage of the 
vast Eastern European literature in the field. 

After the introduction, the book is divided into three sections, in which 
drugs are considered as unconditioned, discriminative, and reinforcing 
stimuli respectively. Three chapters, each followed by the comments of 
two discussants, are included in each section. The chapters tend to be very 
narrow in scope and often bog down in trivial discussions. One is amazed 
at the number of times various contributors marvel at the ‘discovery’ that 
drugs are actually like other types of stimuli. 

On the positive side, two of the chapters are excellent. One is a review of 
the discriminative control of behavior by drugs (D. A. Overton) and the 
other a review of variables influencing drug self-selection (T. Thompson, 
G. Bigelow, and R. Pickens). Further, it is handy to those interested in 
behavioral pharmacology to have the major work of so many authors sum- 
marized in one volume. On the negative side, there is no author index, and 
the subject index is inadequate. One could not, for example, tell which 
chapters discuss a particular drug unless it happened to be a drug used in 
the research being presented. In summary, the book will be of some (if 
limited) use to people working in the field, particularly if they want a review 
of the research in the specific areas covered. 


Stephen C. Woods, Columbia University 
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A wide ranging biography of the Austrian physicist and philosopher 
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stein. Dr. Blackmore's dual abilities as philosopher and science his- 
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tional theory, psychology, and the history and philosophy of sci- 
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NEVV 
PHOTO-ELECTRIC 
PURSUIT ROTOR 


The new Pursuit Rotor is manufactured in two models, the MK3 and 

the MK3/T which incorporate a digital ‘time on target’. The variable 
speed range is from 5 to 50 revolutions per minute and the sampling, 
periods are standardised on 5 — 10 and 20 seconds for simplicity of 
operation. The MK3/T, as depicted, has the above features and 

also includes a 4 digit totalising counter to eliminate the use of an E 
external 'total time on target' counter. 
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SINGLE CHANNEL 
GROUP 
TACHISTOSCOPE 


The instrument is a general purpose slide projector with remote 
control facilities and interchangeable lenses. The projector has been 
modified by the addition of a high-speed galvanometer which 
operates a shutter membrane to obscure the light path. The rise time 
of the shutter is 1.5 milli-seconds. This instrument can be used in word, 
picture and symbol recognition and subliminal research. 


Forth Instruments Ltd., 

Engine Road, Loanhead, Midlothian, 
Scotland. qe" 
Telephone: Loanhead 104. 


Manufacturers of Single Channel Group Tachistoscopes, Pulse 
Generators, Memory Drums, Counter Timers, Voice Switches, Micro 
Electrode Pullers, Reaction Testers. Do " 


